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This new 16-page Bulletin 1053 on Air-Powered 
Controlled Volume Pumps is your guide to 
precise flow rate control of low-capacity chem- 
ical and slurry streams. It contains a graphic 
a) rok’, t re) presentation of pump operating principles; 
capacity-pressure and air-consumption tables; 


Ss re) TAY E examples of complete Milton Roy engineered 


chemical feed systems, using these instruments. 


you r Solve your low-capacity flow control prob- 


lems. Send for your copy of Bulletin 1053, now. 
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|\Q. What are Controlled 
Volume Pumps? 


A. Reciprocating, positive 
displacement, flow control 
instruments, driven by air or 
electric motor. They pump with a 
repetitive accuracy of,plus or minus 
one percent. Capacities from 3 
milliliters per hour to 45 gallons 
per minute ... Pressures to 
25,000 pounds per square inch. 
Capacity adjustment— manual . 
rolVi foluloh iat) olelitt-me (emo MSelilige)| 
Tele] MigelumelM-1(-\aicelil me), 


pneumatic control instrument. 


Q@. Where are Controtled Volume 
Pumps Used? 


A. Across all industry for flow 

elstigel MeliloM oll oliile Molae oa-tati- 

quantities of chemicals and slurries 
Me olamelaallaoh(-Machilolile Mol mal uliced 

streams... and for automatic 
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such as pH, using these pumps as 


final control elements 


Q.-What is the Milton Roy 
Exclusive Step-Valve Liquid End? 


A. A elohiclalicte, step-valve Te! id 
end with individually. inspectable 
eX] | Maal-t4 <MGloMiclalitiohi-Mmal-telillute), 

ping passages purge entrained -, 
air, assuring high repetit ve 
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THERMOCOUPLE 
CONVERTER 









CONTROLLER 





“xhibited for the first ti at the recent Chicago Instrument 
Show, the Swartwout Autp6nic Thermocouple Converter is now in 
imarily for use with components of the 










production. Designed 
Autronic system, itAs a high impedance all-electronic null-balance 
t draw current from the thermocouple. D-c milli- 
volt signals afé converted to 0.000-0.500 volt a-c. Range is easily 
and quickK converted by changing range cards. There are no pilot 
appers or other troublesome parts. Operation is instantaneous, 





unit which does 






valves 
mtenance virtually eliminated. 





CONDENSED SPECIFICATION DATA 

SPAN: 2 to 50 millivolts 

ZERO SUPPRESSION: —10 to +50 millivolts 

SPAN ACCURACY: 12% 

SUPPRESSION ACCURACY: 0.1% 

REPRODUCIBILITY: “4% 

SENSITIVITY: 0.1% 

REFERENCE JUNCTION COMPENSATION: Automatic—Removable card for different 
thermocouple materials 

SPAN AND ZERO ADJUSTMENT: Replaceable range card 
REFERENCE VOLTAGE: Standard cell 

INPUT IMPEDANCE: Null-balance—draws no current 
OUTPUT VOLTAGE: 0.000 — 0.500 volts, 60 cycles a-c 


RECOR DER CASE: Surface mounting 
O*her Swartwout a-c and d-c converters are available for use with 
prir ary elements such as pH, oxygen, strain gage, electronic flow- 
meter, cascading, ratioing, etc. Literature and information available 
on request to Swartwout representatives or to the plant. A-8511 


Swartwout 
YOM CONTROL SYSTEM f 


THE SWARTWOUT COMPANY - 18511 EUCLID AVENUE - CLEVELAND 12 - OHIO 
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HE appearance of this first issue of the ISA Journal, 

as an independent publication, is a significant event in 
the rapid growth and progress of the Instrument Society of 
America. Members of the Society may properly regard the 
occasion with much satisfaction. The Society can better 
pursue its stated objectives by increasing the flow of in- 
formation to its members: about the science, technology, 
business, and literature of instrumentation, and about the 
members themselves, and their activities in Section and 
National offices. 


The arrangement with Instruments Publishing Com- 
pany, whereby the Journal of the ISA has been appearing 
as a section in Instruments magazine for several years, has 
served the Society well, although the restrictions incident 
to “guest” tenancy have become more noticeable with the 
growth of the Society. This arrangement is terminated at 
this time at the request of Instruments Publishing Com- 
pany, although the ISA Council had approved plans last 
September for starting the independent Journal somewhat 
later in 1954. However, after a few hectic weeks, while 
the Publications Committee and the National Office Staff 
worked frantically to telescope time schedules and take 
care of the thousands of details involved in such a venture, 
the final result clearly justifies the general feeling that the 
first of a new year is the most propitious time to start new 
projects. In launching the 7SA Journal, the Instrument 
Society of America expresses its best wishes and sincere 
thanks for the hospitality of Instruments, so long extended 
to the Society by Richard Rimbach, Publisher, and M. F. 
Behar, Editor. Elsewhere in this issue appears a guest 
editorial by Richard Rimbach, and a brief summary of his 
activities for ISA: 
its philosophy 


to M. F. Behar the Society owes much of 
his pioneering contributions to instrumen- 
tation have advanced the significant technical developments 
and educated a generation to the important role of instrn- 
ments in a technical civilization. 


The new Journal will be an important expansion of the 
Society’s services to its members, to the industrial and 
scientific makers and instruments, and to the 
technical public. To the extent that the ISA is successful 
on a larger scale in its educational services to its members 
and to engineers and to scientists generally, to that extent 
also will science, industry, and technology reap the benefit 
of wider knowledge and appreciation of the present and 
potential importance of instrumentation in making possible 
increased productivity in these fields. To that extent also 
will the welfare of our nation and of the world be advanced 
by the fruits of such knowledge and understandings. Some 


users of 
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of the fruits of applied instrument “know-how” are obvious 
material benefits, such as: increased production of physical 
goods and services not previously possible; and increased 
leisure and higher skills for workers in both new and old 
industries. 


Instruments are sometimes defined as devices which ex- 
tend, refine, or supplement the sensory, perceptive, or com- 
municative facilities of man. But the human values of 
instruments follow from their use, in aiding the scientist 
to explore natural phenomena, and in aiding the engineer 
and technologist in industrial measurements and process 
and quality control. Most persons in the various occupa- 
tions associated with “instrumentation” (in instrument re- 
search, design, manufacture, selling, testing, maintenance, 
or education) find themselves working with many other 
persons to whom instruments, important as they are, repre- 
sent only a minor interest. The people specializing in in- 
strumentation constitute a “common denominator” connect- 
ing all manner of fields in which instruments are used— 
from medical analysis to petroleum refining, from guided 
missiles to color television, to testing of bridges and air- 
planes and fabrics. Often, problems in widely different 
fields can be solved by one type of instrument, and it is 
the specialist in instrumentation who can most often aid in 
pointing the way to such solutions. 


Because of the critical importance of instrumentation 
to all fields, it is both natural and desirable that every 
technical and scientific society should study and advance 
instrumentation in its respective field. Because of the 
“common denominator” aspect of instrumentation the ISA 
must emphasize also its role as a common denominator of 
the instrument interests of other societies and be ever alert 
to opportunities for cooperative activities 
mutual objectives. 


in support of 


In this spirit the new Journal is not considered by the 
ISA as a “competitor” to other organs of technical and 
scientific organizations. To be sure, the advertisers’ dollars 
will be sought by all, and worthy papers on design and 
application of instruments in the mechanical, electrical, 
electronic, or optical fields will be accepted for publication 
in the ISA Journal quite as well as in the journals of the 
ASME, the AIEE, the IRE, or the Optical Society of Amer- 
ica, respectively, or in the Review of Scientific Instrument, 
Electronics, or Instruments. But the objective of the ISA 
Journal will be best achieved if the stimulation it gives to 
instrumentation in general should result in more good 
papers on significant developments in instrumentation ap- 
pearing in all appropriate journals. 


Ur aan i ivnadle, 
President 
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HIS first issue of the 

"Tiss Journal is an im- 
portant milestone in the 
condition of the Society. 
It therefore is fitting at this 
time to mention a few of the 
events which very materially 
influenced the present healthy 
condition of the society. 


The activity leading to the 
formation of the Instrument 
Seciety of America really be- 
gan with an instrument con- 
ference and exhibit arranged by the Instruments Publish- 
ing Company with the cooperation of the Metallurgical 
Department of the Carnegie Institute of Technology in 
October, 1938. As an immediate result of this conference 
a small group of young engineers in the Pittsburgh district 
felt the need for obtaining more information on the subject 
and met with Sam Prince (at the Pittsburgh offices of the 
Brown Instruments Division, Minneapolis-Honeywell Regu- 
lator Company) in the fall of 1938. 


Richard Rimbach 


The above instrument conference and exhibit was fol- 
lowed by another instrument conference arranged by the 
Instruments Publishing Company, this time with the co- 
operation of the Chemical Engineering Department of the 
Carnegie Institute of Technology in March 1939. 


An organization meeting of the Society of Instrument 
Engineers in Pittsburgh, at the Central Catholic High 
School, followed in 1939. This organization was not suc- 
cessful and was reorganized as the American Society for 
Measurement and Control in 1941. Subsequently other 
groups were organized, so that in December 1944, on invita- 
tion of Reg Pigott, at that time president of the American 
Society for Measurement and Control, delegates of 18 local 
instrument societies met in New York City to discuss the 
possible organization of a national instrument society. 


The Pittsburgh group, recognizing the need for educat- 
ing instrument users and placing at their disposal the in- 
formation of the latest developments in measurement and 
control, organized the First Instrument Conference and 
Exhibit. This was held in September 1946 at the William 
Penn Hotel and was under the management of Richard 
Rimbach. 
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When the National Instrument Society of America or- 
ganization was finalized, INSTRUMENTS offered space to 
the Society to publish its Journal in the magazine. 


With the growth of the Society, the demand for space 
has increased to such an extent that it is no longer possible 
for INSTRUMENTS magazine to allocate the space re- 
quired by the ISA Journal. During this time the national 
officers and several committees were working on plans for 
the publication of tke ISA Journal. 


The publisher of INSTRUMENTS has always been 
sympathetic to the idea of a Society publication and takes 
this opportunity to congratulate the Society, its Executive 
Board, and Council Members in increasing the services to 
Members by the publication of the first issue of the JSA 
Journal. 


The Instruments Publishing Company and Richard 
Rimbach will continue to serve the interests of the Mem- 
bers of the Society and the Instrument Industry. 


Michaud huonhoche 


Editor's Note: 

Richard Rimbach, President of the Instruments Publish- 
ing Company, has been a central figure in the Instrument 
Society of America from its inception. He served as unpaid 
Executive Secretary of the Society (1946-51) and as unpaid 
Exhibit Manager (1946-48), and in the early days provided 
office facilities, office help, and financial support for the 
National Office. He initiated many continuing ISA services 
and features of the National Conferences and Exhibits. 

Since 1948, Mr. Rimbach has been retained under con 
tract as Exhibit Manager for the ISA. Under the terms 
of his contract for 1954, he will have the title of Managing 
Director for ISA’s First International Instrument Congress 
and Exposition, which he has planned and promoted, Im 
ternational interest in the Exposition was greatly stimi- 
lated by the European trip he arranged, at no cost to the 
Society, in which he and Past President Hart visited im 
portant instrument centers abroad during June and July 


of last year. 
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Position of the TECHNICAL PRESS 
in Relation to INDUSTRY 


J. FOSTER PETREE, Editor, “Engineering,”” London England 






(Eprror’s NoTteE)—Essentially the complete text of the Calvin W. Rice Lecture, presented at the Fall Meet- 
ing, Rochester, N. Y., October 5-7, 1953, of the American Society of Mechanical Engineers, and published in 


Mechanical Engineering for December 1953. 


who served as Secretary of the ASME from 1906 until his death in 1934. 


This annual lecture honors the memory of Calvin W. Rice, 


The ISA is grateful to the ASME 


and to Mr. Petree for permission to republish his remarks, which are particularly appropriate as the ISA 


Journal takes its place among “the technical press.” 


HERE is a legend that a new periodical once 

appeared in which the initial leading article 

announced, with refreshing candor, that 
“This journal has been established to meet a long- 
felt want, namely, a comfortable competence for 
the proprietor.” Almost certainly, it was not a 
technical journal. ... they deal with practical men 
and do not need to labor the obvious; but it is 
sometimes a little difficult to convince the reader- 
ship of a technical journal, especially one with a 
circulation that is largely industrial or commer- 
cial, that financial considerations may not be the 
sole motive governing its contents, its expressed 
opinions, or, on accasion, its omissions. This 
should be evident enough from the elementary 
fact that, while it is possible to run a paper that 
has readers but no advertisers, it would be quite 
impracticable to maintain one that had advertis- 
ers but no readers. 

This is fundamental, but it is not always ap- 
preciated ; though it must be admitted that, in the 
case of technical periodicals more than most, the 
problem of ascertaining and evaluating the re- 
lative positions of the reader, the advertiser, and 
the scientific, professional, and industrial publics 
which are their background is one of considerable 
complication, made still more complex by the 
economic trends of recent years. 

There can be few publishers or editors of long- 
established technical journals who, turning over 
the pages of their earlier volumes, have not envied 
the relative simplicity of technical publishing as 
their predecessors knew it, even a mere half cen- 
tury ago. Those halcyon days have gone, never 
to return, but it is permissible to wonder whether 
the changing circumstances are really understood 
as widely as they might be; and indeed, whether 
the functions that the technical Press can and 
should exercise are properly appreciated by those 
who ought to benefit most by them. 

In the first place, however, how is one to define 
the “technical” Press as distinct from the scien- 
tific and the frankly “trade’? Comparison with 
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the world of newspaper and magazine publishing 
is of little help, for that is a different field alto- 
gether; it is possible, perhaps, for a newspaper 
man to learn to pull his weight on a trade paper, 
especially one dealing with consumer goods; but 
he would be hopelessly at sea if he joined the edi- 
torial staff of a scientific or technical publication. 
The pure scientist or mathematician would also 
find himself at a loss, though to a less extent, in 
the field of the technical journalist, who must have 
a first-hand acquaintance with industrial affairs as 
well as with technology. 

My own definition of a technical journal is one 
that maintains an editorial staff of men whose 
training has been primarily technical and who are 
competent to discuss with their readers and con- 
tributors, on reasonably equal terms, the tech- 
nicalities of the field with which the journal pur- 
ports to deal; and—this is important—that it 
should be in a position to take an independent line 
on matters of technical controversy, without re- 
gard to purely commercial influences. This last 
is often a hard condition to meet, but a reputation 
of that sort is an asset not to be relinquished light- 
ly. 


Functions of the Technical Press 


In considering the present and future position 
of the technical Press in relation to industry, it is 
desirable first to consider what functions a tech- 
nical journal should discharge. Those functions 
may be classified under a number of main heads, 
which vary in their order of importance in differ- 
ent cases and circumstances. They are those of 
(a) presenting current news of technical prog- 
ress; (b) reporting events of technical interest; 
(c) sifting (and often discovering and translat- 
ing) reports of such progress in foreign publica- 
tions; (d) reviewing technical books; (e) pro- 
viding informed comment, and the opportunity 
for readers to comment also, and thus helping to 
mold technical opinion; and (f) providing advice 
and special information when this is asked for. 
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The manner in which these functions are dis- 
charged naturally varies between one function 
and another, according to the facilities available; 
and between one publication and another, accord- 
ing to the order of precedence in which, in the 
judgment of those who conduct the journal, the 
several functions should be placed. Moreover, the 
changing pattern of the engineering profession 
and industry, in the course of years, may lead to 
a gradual shifting of the emphasis. For example, 
the journals of 50 years ago printed countless let- 
ters and queries from readers, to which no edi- 
tor of the present day could afford to devote a cor- 
responding amount of space; yet he might feel 
justified i> filling that space with expensively pro- 
duced illustrations, even though their presence 
might not be essential to the accompanying text, 
because that is what the reader of today expects 
and (often illogically) desires. 


A Source of Education to the Engineer 


Broadly speaking, therefore, it may be said that 
the main function of the technical Press is educa- 
tive—that of making available to the engineer, as 
widely as possible and with due discrimination, 
the experience of others in his own and related 
fields, the related fields being particularly impor- 
tant at the present time, when developments in 
one direction, such as metallurgy or electronics, 
may be the key to advances in many others. En- 
gineers, after all, learn their art and science 
almost entirely by experience—their own, that of 
their predecessors, and that of their contempo- 
raries. Of the utility to a man of his own exper- 
ience I need not speak. The experience of his 
predecessors is largely, though not wholly, avail- 
able to him in the appropriate textbooks; but the 
textbooks cannot begin to present to him, on any 
comprehensive scale, the most recent experience 
and the hopes, ideas, ideals, deductions, and some- 
times fanciful notions of his contemporaries, 
which may have such a valuable formative effect 
on the development of his own thoughts and am- 
bitions. For information of that kind, he must 
rely on the periodical literature of his subject, 
comprising the published transactions of societies 
such as this, the reports of organized research, 
and the technical Press. To many men, working 
in places far removed from libraries and institu- 
tions, the technical Press is their accepted guide 
to the other two. 


In the nature of things, textbooks are always 
out of date to some extent, if only that of the time 
needed to prepare and produce them, and the ab- 
solute impossibility of revising them quickly 
enough to keep pace with the growth of knowl- 
edge. Books which deal with basic principles can 
be relied upon to retain some permanent value, 
but their presentation may be obsolescent even 
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if their fundamental matter is not. In any Case, 
however, books of this kind, while essential to the 
student, are not so much used by the engineer in 
his later and really productive years; what he 
needs are the results of actual practice, and for 
that he must go to the periodical literature — 
which, indeed, is one of the main sources from 
which new textbooks are compiled, as may be seen 
from the long lists of references usually to be 
found in them. 


Reaching Industry through the Individual 


My subject, I am aware, is the position of the 
technical Press in relation to industry, whereas 
hitherto I have discussed rather its value to the 
individual; but an industry consists of individuals 
and what it thinks and does as a whole is, after all, 
merely an integration (or, perhaps, a reflection) 
of the thoughts and acts of a comparatively small 
number of its component personnel. What a man 
gets out of the technical Press must depend to a 
very great extent on what he, as representing the 
engineering and associated industries, puts into it. 


The reader will need no instruction from me, 
as a practical economist—and all engineers are 
that—on the difference between “value” and 
“price.” Price may be fixed, usually by the seller; 
value may fluctuate widely and depends mainly on 
the buyer. Price can be standardized and regu- 
lated, but value is a matter of personal opinion 
and sometimes individual whim, depending upon 
such intangibles as interpretation, present or 
future utility, and éven sheer sentiment. What | 
want to emphasize is that value depends much 
more upon the valuer than upon the thing that is 
valued; and the value of the technical Press to 
engineers is a function of the use that they make 
of it, the knowledge that they bring to their read- 
ing, and their capacity to appreciate the variety 
and quality of the vast stores of technical infor- 
mation and critical comment that are contained in 
its pages. 





If engineers, and industrialists, set themselves 
to consider what they really want from the tech- 
nical Press, I am content that each and every one 
will arrive at the same conclusion. He wants 
facts; and if he is candid with himself, he will 
admit that it matters very little whether they are 
presented in plain black and white or with all the 
splashes of color and the artful typography that 
tends today to overfiow from the advertising 
pages into the editorial text. Perhaps I am old- 
fashioned in this and some other respects; but I 
cannot help observing that the professional s0- 
cieties, which expect their publications to be 
taken seriously, and read conscientiously, do not 
employ these costly eye-catching devices, or a 
cept the advertising man’s favorite argument that 
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the top-ranking executive has not time to read 
columns of type, but must be enabled to grasp 
the whole story in a flash by merely flipping over 
the pages and glancing at the headings and the 
illustrations. My counter-argument is that the 
top-ranking executive probably doesn’t read the 
advertisements either; but, if he knows his job, 
he will have people on his pay roll who read the 
whole issue from cover to cover, knowledgeably 
and critically. It is to these men that he will turn 
when he wants a specific answer to some technical 
question, and it is to them that the editorial mat- 
ter should be primarily addressed. 

These are the people who seek out the facts, to 
present them in the proper quarter at the right 
time. But an editor cannot invent facts; he can 
only examine, appraise, compare, arrange, and, 
as may seem desirable, emphasize them. It is 
obviously desirable, therefore, that the editor 
should be able to meet directly the executive heads 
of the firms and organizations in his particular 
field, whenever he has occasion to do so. As a 
general rule, he can and does; but that is not 
enough. It is eminently desirable also that those 
executives, technical and administrative alike, 
should appreciate what he requires and, busy men 
though they are, should be prepared to devote 
some personal attention to ensuring that he gets 
the facts that he is seeking. 


Industry’s Relation to the Press 


With the growth of big scientific and industrial 
organizations, and the wide spread of their activ- 
ities, that is becoming steadily more difficult to 
ensure. Hence has developed the modern tenden- 
cy to lump together all Press matters, editorial as 
well as advertising, under the general heading of 
“publicity” and to hand them over to a middle- 
man, either a member of the firm’s staff or an out- 
side advertising agent. In the former case, this 
may work smoothly enough, especially if the staff 
man is technically trained, is of sufficient standing 
within the firm to have ready access to everyone 
who matters, and has the requisite knowledge of 
technical journalism to realize what is wanted and 
that what may serve for one journal may not suit 
another. Where those conditions are not satis- 
fied, however, he may, with the best intentions in 
the world, become a barrier to effective liaison ; 
or, worse still, come to regard himself, and to be 
regarded by his superiors, as having been put 
there as a barrier, to protect them against the 
importunities of too-pertinacious Press men. Too 
often, also, the outside man, whose interests prob- 
ably lie mainly in the buying and filling of adver- 
tising Space, is liable either to become a mere 
‘post office,” relaying queries to his client and 
transmitting their replies, or else to concentrate 
on obtaining the maximum number of “mentions,” 
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without much regard to their technical worth. 
There are notable exceptions, to whom I gladly 
pay tribute, and they flourish deservedly; but, in 
almost every instance, they are men who have had 
a technical training in the first place. 

I am confident, therefore, that 1 am expressing 
the views of technical editors, in general, in sug- 
gesting that the heads of engineering firms, and 
of scientific and research organizations, would do 
well to consider the advisability of separating 
purely advertising activities from the direct dis- 
tribution of technical information, of devoting 
some part of their time to personal collaboration 
with the editorial departments of the particular 
journals interested in their work and products, 
and of assisting the editors of those publications 
to make them sources of permanent reference 
value that the readers—I mean the serious read- 
ers—will want to file. 


Industry Support Needed 


The textbooks and the transactions of the 
learned societies cannot possibly record all the de- 
velopments that are taking place today; and, in 
any case, they are often “preaching to the con- 
verted.”” Moreover, modern economic conditions 
make it increasingly difficult for ordinary men— 
especially the younger men, from whose ranks 
raust be drawn the executives of tomorrow—to 
acquire and retain all the published books and 
papers relating to their particular branches of en- 
gineering. Hitherto, the technical Press has gone 
far to meet that disability, to fill gaps in the rec- 
ords of technical achievement, and, not seldom, 
to promote further advances; but it can only con- 
tinue to do so if its functions are properly appre- 
ciated at all levels and are accorded the necessary 
support. Given that support—‘“not grudgingly or 
of necessity,” but with the rea! confidence and even 
enthusiasm of those who direct both the admin- 
istrative and the technical sides of industry—it 
can be of even greater value to both designer and 
producer in the future than it has been in the past. 

Far be it from me to belittle the advertising 
aspects—printing and other costs are at such a 
level today that no technical journal could be 
produced without the financial aid that the ad- 
vertising pages represent, unless at such a price 
that few men could afford to pay; but I repeat, 
and do most emphatically maintain, that the 
prime function of the technical Press must be 
educational in the truest and widest sense of that 
sometimes misapplied word. If that aim is kept 
constantly in view, by the readers, the contribu- 
tors, and the advertisers, as well as by those who 
conduct the journals, the other desired benefits 
will follow, to profession and industry alike. If 
it is not, I can only feel that, in the long run, the 
industry will be the loser. 
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Study of Process Control by Phase-Angle Loci Method! 


Abstract. This paper describes a new and 
convenient graphical method for studying 
process control. Although the method, which 
originated from Evans’ root-locus method, 
is based on complex function theory, the 
actual procedure necessary to obtain prac- 
tical results is simple and demands no ex- 
tensive mathematical background. Graphical 
construction takes the place of mathemati- 
cal analysis in order to determine the roots 
of the characteristic equation of the sys- 
tem. The method is well adaptable to sys- 
tems containing deadtime lags or distrib- 
uted parameters. As an illustration, the 
stability limits and their corresponding 
periods of oscillation are worked out and 
presented for a typical process using pro- 
portional, two-mode, and three-mode con- 
trollers. The transfer functions and their 
corresponding phase-angle loci shapes are 
tabulated for a number of typical industrial 
processes and controllers. 


N analyzing the dynamic behavior 
ie industrial processes under auto- 
matic control, two methods have, in 
general, been used by control engin- 
eers: the differential equation method, 
and the frequency response method. 
The first consists of writing the differ- 
ential equation for the system and then 
solving that equation, either by con- 
ventional methods or by means of the 
Laplace transformation, in order to ob- 
tain the transient response of the con- 
trol loop. While this method is prob- 
ably the most direct, its use becomes 
tedious and impractical for some of 
the more complex systems frequently 
encountered in practice. In addition, the 
differential equation method is not 
practical for the synthesis of auto- 
matic control systems, since it  be- 
comes difficult to visualize the effect 
which the addition of a certain com- 
ponent might have on the final tran- 
sient response without writing and solv- 
ing a completely new differential equa- 
tion for each new combination of com- 
ponents. And finally, should the sys- 
tem contain dead-time or distributed 
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parameters, complex transcendental 
equations will result which will make 
an exact solution very difficult. 


For these reasons, the use of the fre- 
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Fig. 1. Block Diagram of a Process Control 
System. 
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quency-response method has, in recent 
years, become more and more common. 
The system is merely broken down into 
its individual components, and the fre- 
quency response of each component is 
noted, either in the form of equations 
or by means of plots. The open-loop 
frequency response of the complete 
system is then found simply by multi- 
plying the various attenuation factors 
and by adding the various phase shifts 
of the individual components. Even if 
the system should contain dead-time 
or distributed parameters, this _pro- 
cedure is relatively simple and can 
easily be carried out graphically. Once 
the open-loop frequency response of 
the system is known, the closed-loop 
frequency response can also be deter- 
mined without difficulty. 


One obvious advantage of the fre- 
quency-response method is that it lends 
itself well to the synthesis of auto- 
matic control systems. To study the 
effect of adding a certain component, 
it is only necessary to combine the 
frequency response of that component 
with the frequency response of the rest 
of the system. Thus, the effect of add- 
ing, subtracting, or modifying any 
given component can easily be deter- 
mined. The only drawback to the meth- 
od is that, knowing the frequency re- 
sponse of the system, it is not too easy 
to calculate the resulting transient re- 
sponse to sudden disturbances. Tech- 
niques for obtaining the transient re- 
sponse from frequency-response data 
are, at best, fairly tedious. 

The phase-angle loci method’ (origi- 
nating from Evans’ root-locus method’) 
is designed to overcome these difficul- 
ties by combining the best features of 
each of the other two methods. The 
phase-angle loci of the various com- 
ponents (to be defined and described 
later) can be combined graphically to 
produce the root-locus for the complete 
system. Once this root-locus is known, 
the transient response of the system 
can be visualized and worked out ex- 
actly, if desired. Thus, the effect of 
adding or modifying any given com- 
ponent can be studied. Once the phase- 
angle loci for a given component have 
been plotted, they can be filed away 
for use in future problems; and as the 
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phase-angle loci for more and more 
components are collected, the analysis 
and synthesis of complete systems 
should become progressively easier. 
(The phase-angle loci can be visualized 
as streamlines of a potential flow, a 
concept which may be of help in their 
construction.) 


Even when dead time and distributed 
parameters are part of the system, no 
complex algebraic or transcendental 
equations need be solved. Although 
the phase-angle loci method is based 
on complex function theory, the actual 
use of the method is simple and de- 
mands no extensive mathematical back- 
ground. The solution of the problem is 
based on a simple graphical procedure, 
to be described and explained later as 
the superposition procedure. The pur- 
pose of this procedure is to obtain the 
root-locus, which shows the roots of 
the characteristic equation of the sys- 
tem. Once these roots are determined, 
the transient response of the system 
can be described. 


In the following section, the signi- 
ficance of the characteristic equation 
for a system and of its roots will be 
briefly reviewed. Succeeding sections 
will then show how these roots are ob- 
tained by means of the phase-angle 
loci method. The method will then be 
applied to a typical class of processes, 
using two-mode and three-mode auto- 
matic controllers, where the problem is 
one of determining how the system will 
respond for various combinations of 
controller settings and for what set- 
tings the system will be unstable. 


The Characteristic Equation of a 
Process Control System 


Fig. 1 shows the block diagram of a 
process control system. If the equa- 
tion describing the behavior of each 
component or block is written, and if 
this equation is expressed as the ratio 
of the output to the input, then this 
ratio can be defined as the transfer 
function G. The Laplace transform® of 
this ratio (with all initial conditions 
set equal to zero) is taken merely by 
substituting the complex variable s = 
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wherever that operator appears in G. 
The ratio G then becomes a function 
of s and is denoted by G(s), the form 
in which the transfer function is usual- 
ly written. 

The behavior of the system, when the 
loop is closed, is described by the 
closed-loop transfer function, which, in 
turn, may be obtained from the open- 
loop transfer function G(s). Thus, 
from Fig 1, 


Open-loop tranfer function = 


Cc 
—_ = G(s) 
E 


(2) 


Closed-loop transfer function = 


Cc G(s) 


t 1+-Gis) 


where G(s) = G(s) G:(s). Here 
G:(s) and G.(s) are the transfer func- 
tions of the controller and the process 
respectively. For any given problem, 
G.(s) is usually more or less fixed, 
whereas G.(s) is determined by the 
choice of the controller and of the 
controller knob adjustments. 

The denominator of the closed-loop 
transfer function, when set equal to 
zero, is known as the characteristic 
equation of the system. 

(3) 
1 + G(s) = 0. 

The characteristic equation incorpor- 
ates all the necessary knowledge re- 
garding the stability of the system. 
The roots of the characteristic equa- 
tion fully describe the dynamic char- 
acteristics of the system. Thus, once 
the roots are known, the transient re- 
sponse of the system can be worked 
out from the closed-loop transfer func- 
tion (2) by taking the inverse Laplace 
transform. However, even without 
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Fig. 6. Phase-Angle Loci for Dead- 
Time Lag G(s) = e°L' 


working out the exact transient re- 
sponse, it is already possible to know 
a great deal about the dynamic be- 
havior of the system merely by study- 
ing the roots of the characteristic 
equation. Since these roots will be 
functions of the complex variable s = 
¢ + jw, it is possible to plot their 
location on the complex s-plane, plot- 
ting the real part o along the abscissa 
and the imaginary part jw along the 
ordinate. 


The location of each root on the 
s-plane determines the type of mode 
which that root will contribute to the 
transient response. Thus, on Fig. 2, a 
root that lies on the negative real axis 
can be shown to produce a decaying 
exponential as its transient mode. 
Complex roots with negative real parts 
will produce a response that decays 
with time. (Complex roots, incidental- 
ly, must always occur in conjugate 
pairs, because only real coefficients oc- 
cur in the equations describing ordina- 
ry processes.) Roots on the imaginary 
axis will produce an undamped sinu- 
soidal function, and roots on the right 
half of the s-plane will produce an 
oscillatory response with an increas- 
ing amplitude. Therefore, if any roots 
of the characteristic equation fall on 
the right half of the s-plane, the sys- 
tem will be unstable. 


The location of the complex roots on 
the s-plane has some interesting signifi- 
cance. Fig. 38 shows the complex s- 
plane, with a pair of complex roots. The 


distance oa can be shown to represent 
the undamped natural frequency w, of 
the resulting transient mode. (How- 
ever, the actual damped frequency of 
oscillation of the mode will be w = wn 


Vv 1 — &.) Therefore, if a circle is 
drawn with the origin as center and 


with oa as radius, every root lying on 
that circle will produce a_ transient 
mode of response having the same 
value of w,.. The circle is therefore 
ealled a constant circle. Further- 
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Fig. 7. Construction of the Phase-Angle Loci 
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Superposition Procedure 


by Means of the 


more, the angle 6 can be shown to be 
related to the damping ratio ¢ by the 
relation ¢ = cos go. Thus, if a radial 


line oab is drawn, every root falling 
on this line produces a transient mode 
having the same damping ratio. The 
line is therefore called a constant- 
damping-ratio line. It will later on be 
shown how these lines and circles can 
be used in selecting components or 
controller adjustments to produce the 
desired roots. 

Since the total transient response of 
the system is the summation of the 
various response modes produced by 
the various roots, it is clear that a 
study of the dynamic characteristics 
of a system can be reduced to the in- 
vestigation of the location of the roots 
of the system’s characteristic equation. 
The phase-angle loci method, as ex- 
plained later, is designed to simplify 
this study. 


The Root-Locus 


C 
The open-loop transfer function — 


can, in general, be expressed as a ratio 
of two polynomials: 
(4) 
C Z(s8) 





E — 


Values of s which will make the num- 
erator or the denominator of (4) equal 
to zero are called zeros and poles re- 
spectively. Similarly, the closed-loop 
transfer function 


c G(s) 


R 1+ G(s) 


can be expressed as a ratio of two 
polynomials. It can be shown that, for 
the system shown in Fig. 1, the zeros 
of this closed-loop transfer function 
are identical to those of the open-loop 
transfer function. However, the poles 
of the closed-loop transfer function 
are the roots of the characteristic 
equation 1 + G(s) = 0. 


The polynomials Z(s) and P(s) can 
be factored into factors of one or more 
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1 
of the three forms: s, (s + —), and 
T 


(s* +2fwn8s +n’). The last form, in 
turn, can be factored into the two com- 
plex factors (s + ¢ + jw) and (8 + ¢ 
— jw). The poles and the zeros, as 
given by these factors, can then be 
plotted on the complex s-plane. The 
job that then remains is to locate the 
roots that correspond with the given 
pole and zero configuration. 


This can be done by rewriting the 
characteristic equation. ' 
(5 


G(s) = — 1 
This is a complex equation, with s as 


the complex variable. It may be sepa- 
rated into two equations by equating, 


respectively, the magnitude and the root-locus, 


phase angle on each side. Thus, the 
magnitude equation is 


(6) 
G(s) | = ] 
while the phase-angle equation becomes 


(7) 

Ang G(s) - 180° 
where » can be any odd integer. Each 
one of the factors making up G(s) can 
be pictured as a vector on the complex 
s-plane, having a certain magnitude 
and phase angle. The total absolute 
magnitude |G(s)| will then be the 
product of the individual magnitudes 
of the various vectors, while the total 
phase angle Ang G(s) is given by the 

sum of the vector phase angles. 


*n 


The plot of the phase-angle, equa- 
tion (7) on the s-plane, is called the 
because it represents all 
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Fig. 8. Phase-Angle Loci for Several Types of Common Controllers. 
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Fig. 9. Phase-Angle Loci for Several Common Processes. 
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possible roots of the system. The mag- 
nitude equation (6) then gives the 
value of the loop gain K that is as- 
sociated with each point on the root- 
locus. This whole idea can best be 
illustrated by means of an actual ex- 
ample. 

Let us assume a simple system con- 
sisting of a process and a proportional 
action controller such that the over-all 
open-loop transfer function is 


(8) 
K 





G(s) = — 
s(s + 1/r:) (8 + 1/72) - 


Here r; and rv. are the time-contants 
of the process lags, while K represents 
the over-all loop-gain and is a product 
of the controller and process gains. K 
can, therefore, be changed at will to 
produce the best root configuration. 


This system will have three poles, 
but no zero. Writing the phase-angle 
and magnitude equations for (8), we 
obtain, respectively, 


(9) 
Ang (s) + Ang (s + 1/71) + 
Ang (s + 1/72) = +180° 
; (10) 
and K = |s| - |s + 1/r:| - |s + 1/r| - 


If the transfer function had contained 
any zeros, then the angle contributed 
by the resulting term would be sub- 
tracted from the phase-angle equation, 
instead of added, while the magnitude 
of the term would appear as a denomi- 
nator in the magnitude equation. 


The construction of the root-locus is 
accomplished by first marking the lo- 
cation of the three poles s = 0, s = 
—1/r:, and s = —1/7, on the s-plane 
as shown in Fig. 4. Next, an explora- 
tory s-point (point A) is chosen. The 
angles ¢:, ¢:, and ¢; then represent 
Ang (8s), Ang(s + 1/r,) and Ang 
(s + 1/7), respectively for this point 
A. If their sum is 180°, then A is a 
point on the root-locus. If it is not, 
then other exploratory points must be 
tried. When a sufficient number of 
points have been found, the root-locus 
can be drawn through them. The loop 
gain K for each point on the root- 
locus can be determined from Equation 
(10). The distances OA aA, and bA 
represent the values of |s|, |s + 1/r:\, 
and 8 + 1/7|, respectively. The gain 
K thus becomes the parameter of the 
different points on the root-locus. 


The root-locus for the above system 
is shown on Fig. 4 and consists of 
three different branches. One branch 
is seen to start at each of the three 
poles. The arrows shown on each of 
the branches point in the direction of 
increasing K. Thus, for each value of 
K, there will be three different roots, 
one located on each branch. 
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It should be noted that the root- 
locus of Fig. 4 bends towards and even- 
tually crosses the imaginary axis at 
points D and D’. The gain K for these 
points is called the stability limit. If 
K exceeds the stability limit, then roots 
will lie on the right half of the s- 
plane, and the system will be unstable. 
The loop gain K must therefore be 
chosen such that the system is not only 
stable, but also that disturbances will 
die out sufficiently fast. This can be 
done by choosing roots which have the 
proper damping ratio ¢ and undamped 
natural frequency wn. 


The path of the root-locus obeys cer- 
tain principles, a knowledge of which 
can be of considerable help in plotting 
the locus. Thus, the root-locus is sym- 
metrical with respect to the real axis. 
Therefore, the root-locus need only be 
plotted in the second quadwvant. (The 
first quadrant is not of interest, since 
roots in that region would produce an 
unstable system.) Furthermore, it can 
be shown that a branch of the root- 
locus will start from every pole, where 
K is equal to zero; and, as K increases 
towards infinity, the branch will termi- 
nate either at infinity or at zero. Thus, 
there are as many branches as there 
are poles, or as the order of the system. 
It can also be shown that any portion 
of the real axis is part of the root- 
locus, if the sum of poles and zeros to 
the right of this portion is an odd num- 
ber. 


Even when making use of these and 
of other principles, the plotting of the 
root-locus can be a tedious process 
involving a great amount of trial-and- 
error. The phase-angle loci method 
was, therefore, devised to simplify the 
graphical construction of the root- 
locus. In addition to accomplishing 
this, the phase-angle loci method also 
makes it possible to apply the root- 
locus method to systems with dead time 
or with distributed lags. 


Phase-Angle Loci 


As was explained before, any point 
on the root-locus satisfies the phase- 
angle equation Ang G(s) = +180°. 
For all other points on the s-plane, the 
Ang G(s) will have some other value 

Ang G(s) = ¢- (11) 
We can therefore, plot the locus of all 
points satisfying Equation (11) for 
any given value of ¢. The family of 
these various loci for various values of 
the phase-angle ¢ are called the phase- 
angle loci. It should be noted that the 
root-locus is merely one particular 
phase-angle locus, namely that for ¢ = 
+180°. 


As an example, let us consider the 
simple transfer function 
1 (12) 
G(s) — 
8 + ¢1 
which represents a simple time lag. 
The phase-angle loci are, by definition 


(13) 
1 
Ang ——— = ¢ 
8 + o1 
or, after simplification, 
(14) 
@ 
= tan (—¢). 
o + 1 
This indicates that the locus is a 


straight line on the s-plane for each 
value of ¢. Thus, the phase-angle loci 
for this transfer function are a family 
of straight lines, all passing through 


the point s= — o: as shown on Fig. 5. 
As another illustration, let G(s) be 
(15) 

G(s) = e*L’ 


which is the transfer function of dead- 
time lag. Its phase-angle loci are given 
by 
(16) 
Ang e'L' = 


which becomes, after simplification, 
(17) 
wW — Lh , 


This shows that the phase-angle loci 
are independent of o (the real part of 
s), as indicated by relation (17). They 
are thus a family of straight lines 
parallel to the real axis of the s-plane, 


as shown on Fig. 6. 
use of the sunper- 


Let us now make 
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troller and the Process 


Various Values of 7L/* 


position procedure to find the phase- 
angle loci for a process combining the 
transfer functions of Equations (12) 
and (15), in other words, one conta.n- 
ing both dead time and a single time 
lag. The transfer function for this pro- 
cess would be 
(18) 
K - eT. 
G(s) = 
Ts+1 


and the phase-angle loci are given by 


(19) 
K -. e*1! 
@ = Ang 
Ts +1 
F 
= Ang + Ang e*L' - 
Ts+1 


Let ¢: and ¢2 be the phase-angle 
loci given by 


1 





Ang = ¢: and Ang e"L' = @s 


Ts+1 


The lines ¢: and ¢s then are the fami- 
lies of phase-angle loci already shown 
in Figs. 5 and 6. Let us now superim- 
pose these two sets of phase-angle loci 
lines on the same s-plane, as shown 
on Fig. 7. The phase-angle locus for a 
given value of ¢ will then be the locus 
of all points of intersection of these 
two families at which the sum of ¢ 
and ¢. is equal to ¢, because all these 
points will fulfill relation (19). For 
example, to find the root-locus for the 
complete process, it is only necessary 
to plot the phase-angle locus for ¢ — 
—180°. This is described by the points 
a, b, ec, d, e, and f, which are some of 
the points of intersection at which the 
sum of ¢: and ¢: is equal to —180°. 
Therefore, the curve passing through 
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these points is the phase-angle locus 
for ¢ = —180°. Similarly, the phase- 
angle loci for other values of ¢ are de- 
termined by means of this superposi- 
tion procedure. Only three phase-angle 
loci are shown on Fig. 7, for the sake 
of clarity. (The arrows shown on the 
root-locus point in the direction of in- 
creasing K.) 


The phase-angle loci of several 
types of industrial controllers and 
processes, together with their corre- 
sponding transfer functions and step 
responses, are tabulated in Figs. 8 and 
9 respectively. To obtain the root-locus 
of the total system, it is only necessary 
to superimpose the phase-angle loci of 
the controller on those of the process. 
and then plot the resulting locus for 
¢ = —180°. 


Some of the phase-angle loci shown 
in Figs. 8 and 9 (those for controllers 
A to E and for processes A, C, and 
D) are families of simple geometrical 
forms, and can be easily constructed. 
The phase-angle loci for the three- 
mode controllers F and G have not 
been shown, because they are merely 
the result of superimposing the loci 
of controller B on those of either D or 
E, and the exact shape would depend 
on the ratio of the rate and reset 
times, 71 and 7;, and on the value of 
a. The phase-angle loci for processes 
B, E, and F are constructed by a 
single superposition of simple geomet- 
rical forms; while the construction of 
the loci for processes G and H requires 
that the superposition procedure be ap- 
plied twice. If a process contains many 
time lags, the superposition procedure 
may have to be applied several times in 
However, the processes 


shown in Fig. 9 cover a considerable 


succession. 


number of common industrial pro- 
cesses. 
The phase-angle loci may be re- 


garded as streamlines of a potential 
flow, and, as can be shown, the two are 
matheniatically analogous. Thus, a 
pole of the transfer function is ana- 
logous to a source, and a zero to a sink. 
This analogy is a concept which helps 
in the visualization and construction 
of the phase-angle loci. 


Since the phase-angle loci are sym- 
metrical with respect to the real axis 
of the s-plane, only those on the upper 
half need be drawn. Because of the 
manner of their construction, the 
phase-angle loci are independent of the 
location of the imaginary axis and de- 
pend only on the relative location of 
the poles and zeros of the transfer 
function. As a result, the shape and 
distribution of the phase-angle loci for 
controllers B and C, in Fig. 8, are 
identical; as long as the distance be- 
tween the zero and the pole along the 


real axis is the same. Similarly, ey. 
¢ept for the location of the imaginary 
axis, the shape of the phase-angle |ogj 
for processes E and F in Fig. 9 (and 
also for G and H) are the same, ag 
long as the values of the dead time 
TL are kept equal. 


From the above discussion, it can be 
seen that, by combining and shifting 
a few basic loci plots, the phase-angle 
loci for a great number of different 
complicated systems can be constructed, 
As more and more phase-angle logj 
are accumulated, the construction of 
the loci for more complex systems wil] 
become successively easier, since each 
phase-angle loci plot serves as a build- 
ing block for the construction of other 
phase-angle loci. 


The Root-Locus of a Control System 


To show how some of the principles 
discussed can be applied to an actual 
control system, and how the transient 
performance can be evaluated from a 
knowledge of the root location, let us 
consider an example using a process 
of the type F (Fig. 9) controlled by a 
proportional controller. (As indicated 
a type F process can be 
approximate many other 


elsewhere‘, 
used to 
type processes, provided the proper 
values of TL and T are chosen.) The 
transfer function for this system was 
already given by Equation (18) as 


EK «et? 





cH = — 
Ts+1 

where K now represents the total loop 
gain, and would be the product of the 
controller gain and the process gain. 
Fig. 7 has already shown how the 
root-locus for this system is con 
structed. Fig. 10 shows that a change 
in the ratio 7L/" does not change the 
shape of the root-locus but merely 
shifts the locus with respect to the 
imaginary axis. 


The points A on Fig. 10 show the 
stability limit of the system. The value 
of K for each case would, of course, 
have to be calculated from the magni- 
tude equation. It would be noted here 
that, if a process contains dead time, 
then the term e~"L' will appear in the | 
numerator of the open loop transfer 
function. When the value of K is com | 
puted for any point on the root-locus, — 
then the effect of e-7L' must be ineluded 
in the magnitude equation as follows: | 
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The degree of stability of the sys- 
tem is determined by choosing the 
proper damping ratio of the predomi- 
nant pair of complex roots. (The pre- 
dominant pair of roots is that pair of 
roots closest to the imaginary axis.) 
If lines OD are the constant-damping- 
ratio-lines having the desired value of 
¢, then the points B (and their con- 
jugates) represent the chosen complex 
roots of the characteristic equation. 
The other roots will then be all the 
other points on the various branches 
of the root-locus which have the same 
value of the gain K that was associ- 
ated with point B. In this example, 
only two branches are being con- 
sidered; and, thus, there are no other 
roots besides the complex conjugate 
pair. 

To find the damped natural fre- 
quency of oscillation associated with 
any point on the root-locus, it is only 
necessary to measure the value of the 
ordinate w, the imaginary part of the 
root. The points C on Fig. 10 repre- 
sent the aperiodic limit for the system, 
for which ¢ = 1. In other words, if the 
loop gain is less than the value of K 
associated with point C, then the re- 
sponse will not be oscillatory. 

The values of the loop gain K, for 
the stability limit of ¢ — 0, for ¢ = 0.5, 
and for the aperiodic limit of ¢ = 1, 
have been collected and plotted on Fig. 
11 which, thus, shows the stability of 
the system for various values of 7,/T. 
The frequencies of oscillation for ¢ = 
0 and ¢ = 0.5 are also shown on this 
plot. 


The Transient Response 


The characteristic equation resulting 
from a transfer function with a dead- 
time lag has an infinite number of 
roots which can be obtained by con- 
structing additional branches of the 
locus. These additional branches occur 
because the phase-angle loci of the 
dead-time lag, as shown by Equation 
(17), are periodic or repetitive at a 
period of 27/"L for the value of w on 
the imaginary axis of the s-plane. An- 
other way to visualize these additional 
branches is to realize that a dead-time 
lag can be considered to contribute an 
infinite number of poles, all located at 
¢ = —o. A separate branch will 
start out from each one of these poles, 
and each branch will contribute an 
additional root to the system. However, 
as has been indicated elsewhere" °, the 
real parts of the root provided by these 
additional branches are often much 
larger than the real parts of the pre- 
dominant complex roots taken from 
the fundamental branch. As a result, 
the modes of response due to these ad- 
ditional roots die out much faster. 
Therefore, the roots chosen from the 
fundamental branch are, in such cases, 
accurate enough to represent the roots 
of the characteristic equation. This 
has been discussed in detail in the ref- 
erences 1 and 5. 
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Fig. 12. Stability Limits and their Corre- 
sponding Periods of Oscillation for the Sys- 
tem with Type F Process and a Propor- 
tional plus Reset Controller. 


Once the roots of the system are 
known, it is usually possible to de- 
termine the approximate transient re- 
sponse to a step change without the 
necessity of going through an exact 
mathematical solution. Such quantities 
as the settling time (the time after 
which the output remains within 2 
per cent of its final value), the num- 
ber of oscillations for the interval up 
to the settling time, the amount of the 
first overshoot, and the peak time 
(time required to reach the peak of 
the first overshoot), can all be ap- 
proximately determined from the posi- 
tion of the predominant roots with re- 
spect to the other roots and zeros. 
Equations showing these relations are 
given in reference 1. 


Root-Locus of Process with 
Two-Mode or Three-Mode Controller 
The superposition procedure, which 
was explained before, can be used to 
investigate the effect caused by chang- 
ing any of the time-parameters in the 
system, such as the reset time or rate 
time of a two-mode or a three-mode 
controller. When a three-mode control- 











Fig. 13. Stability Limits and their Corre- 
sponding Periods of Oscillation for the Sys- 
tem with Type F Process and a Propor- 
tional plus Reset plus Rate Controller for 
the case TL/T—0.5. 


ler of the type F or G is used, it will 
usually be easiest to apply the super- 
position procedure twice. First, the 
phase-angle loci of the proportional 
plus rate (or proportional plus com- 
pensated — rate) action controller are 
superimposed on those of the process; 
and the resulting phase-angle loci are 
plotted. On these, we then superimpose 
the phase-angle loci for the propor- 
tional plus reset controller. The re- 
sulting phase-angle locus for ¢@ = 
—180° will then be the root-locus for 
the complete system. Different points 
on this root-locus can then be labeled 
with the proper value of loop-gain K 
by means of the magnitude equation. 
The effect of changing the controller 
gain (or proportional band) can then 
be studied by observing the position 
of the roots on the root-locus for differ- 
ent values of K. The stability limit 
can be obtained by measuring the value 
of K at the point where the root-locus 
crosses the imaginary axis. 

If the reset-time, or rate-time, or 
any of the time parameters of the pro- 
cess are varied, then, of course, a new 
root locus must be drawn. However, 
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after a little practice and experience, 
it becomes possible to utilize various 
short-cuts and devices which can 
shorten the plotting time considerably. 
Often, the time required can be re- 
duced by superimposing the phase- 
angle loci of the various elements in 
a certain order. In the case of the 
three-mode controller, for example, it 
is usually simpler to first superimpose 
the loci for the proportional plus rate 
action controller on those of the pro- 
cess; and then add the loci for the pro- 
portional plus reset action controller, 
although any other order of super- 
position would also be possible. 


System Stability 


As explained before, the root-locus 
of a system, giving all possible roots 
of its characteristic equation for vari- 
ous values of the loop-gain, is the key 
to the stability of the system. The 
calculation of the transient response 
is not necessary when only the gen- 
eral stability of the system is of inter- 
est, as is often the case. Furthermore, 
only the fundamental branch of the 
root-locus need be considered, because 
the roots on the fundamental branch 
have larger time constants and lower 
values of the stability limit than the 
roots on the additional branches. 


The system becomes unstable, if the 
roots are chosen at a value of the loop- 
gain larger than the stability limit; 
while the response becomes non-oscil- 
latory and slow, if the roots are chosen 
at a value of the loop-gain smaller 
than the aperiodic limit. Consequently, 
tne desirable values of the loop-gain 
usually lie in between these two limits, 
indicated by the portion ABC of the 
root-locus on Fig. 10. 


A study of the system stability for 
a particular process may then be 
achieved by first constructing the root- 
locus for various controller settings, 
and then by choosing the settings giv- 
ing the most desirable roots, according 


to any desired criterion. One advant- 
age of this method lies in the fact that 
the various possible responses of the 
system may be visualized and evalu- 
ated from the root-loci. As concrete 
illustration of the results obtainable 
by this method, the stability limits 
and their corresponding periods of 
oscillation for the process of type F, 
using two-mode and three-mode con- 
trollers, have been obtained from these 
root-loci and shown on the three-di- 
mensional plots of Figs. 12 and 13 re- 
spectively. The same results for a one- 
mode (proportional action) controller 
have already been presented on Fig. 
11. 


Conclusion 


The phase-a’.gle loci method makes 
it possible to find the roots of the 
characteristic equation of a process 
control system without solving com- 
plex algebraic or transcendental equa- 
tions. By means of the superposition 
procedure, the phase-angle loci can be 
made to produce the root-locus, which 
shows all possible roots of the system 
characteristic equation, with the loop- 
gain as the parameter on the locus. 


Once the desired roots have been 
chosen from the root-locus, the tran- 
sient solution can be calculated. Ap- 
proximate formulas are available for 
obtaining the approximate transient 
response of the system from the root 
configuration, without having to work 
out the exact analytical transient solu- 
tion. However, even this may not be 
necessary, if one is only interested in 
the general stability regions of the 
system, as is often the case in process 
control. As an illustration, the stabil- 
ity limits and their corresponding 
periods of oscillation for systems con- 
taining a type F' process and various 
types of controllers have been worked 
out and presented in the form of three- 
dimensional plots. 


It is interesting to note that the 


frequency response of a system can be | 


obtained graphically from its root 
locus’. Although that is usually not 
primary objective, this additional 
property of the root-locus might be 
useful in some applications. 


The phase-angle loci method is not 


intended to supplant existing methods 
of system analysis and synthesis, but 
rather to supplement them. By gyb. 
stituting simple graphical procedures 
for complex mathematical analysis, 
and by providing a simple qualitative 
(and even quantitative, when neces. 
sary) visualization of system perform. 
ance, the method should become a valy- 
able tool in the hands of process engi- 
neers. 
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C. G. Dell 


Abstract: Standard potentiometer-type strip- 
chart recorders have been modified to plot on a 
continuous loop of chart paper which is divided 
into equal segments. Up to ten variables can be 
plotted in each segment. Separate curves can 
thus be obtained for as many as 400 variables 
with good readability at less cost per variable. 


gee Recorders were developed 
to fill the need for a strip-chart 
recorder of the electronic potentiometer 
or Wheatstone bridge type which would: 
(1) record large numbers of variables, 
(2) produce a more readable chart than 
conventional multi-record  strip-chart 
recorders, (3) sample and plot variables 
at high rates of speed, and (4) be low 
in first cost per recorded variable. The 
Segmental Recorder, in its various 
forms, meets these specifications. It 
also illustrates an important concept in 
multi-record instruments, namely that 
the time scale need not be dependent 
upon the motion of the chart. 


Conventional Recorder 


Conventional recorders of the elec- 
tronic continuous balance type, which 
plot on a ten inch wide strip chart, cost 
about $500 for a single-record model; 
and as the number of records plotted by 
one recorder increases, the first cost per 
record decreases. Fig. 1 shows this re- 
lationship. The coordinates are dollars 
per record versus number of records. 
Clearly the key to low cost lies in plot- 
ting many curves with one instrument. 

There are, however, several factors 
which limit the number of curves a 
single instrument may record, thus, giv- 
ing the cost. The first of these is the 
combination of instrument response 
time and allowable time interval be- 
tween successive samplings of a given 
variable. Instrument speeds of response, 
which at one time were as low as % 
minute full scale, are now less than one 
second full scale. The sampling time, 
that is, the time from one point on curve 
X to the next point on curve X, depends 
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Fig. 1—Recorder Equipment Cost 


on the time constants of the process. 
For some instruments, the time interval 
between samplings of a given variable 
is as much as eight minutes; and pre- 
sumably these instruments find applica- 
tion in some processes. In eight min- 
utes, however, an instrument with a 
one second response could record 480 
variables. Assuming eight minutes as 
an arbitrary top limit on the time inter- 
val, the cost per variable could theoret- 
ically decrease to $10 or perhaps to even 
less. 


A chart with 480 curves plotted on it 
is obviously unreadable, however, and 
illustrates the second limitation on the 
number of curves that can be plotted by 
one conventional recorder. If all curves 
are widely spaced in magnitude and do 
not crisscross too much, it is possible 
that a readable record could be produced 
with as many as 16 or 24 curves plotted 
on the same chart. On the other hand, 
four or six records, each in a different 
color, may be the practical limit if all 
the curves are close together and over- 
lap. 


Segmental Recorder 


A Segmental Recorder is not limited 
by the above consideration and can pro- 
duce records of hundreds of variables 
with a readability as good as a single- 
record instrument. The potential mini- 
mum cost for some applications using 
Segmental Recorders drops to $8 per 
record, because the fast speeds of re- 
sponse of modern recorders can be used 
efficiently. 


Chart and Pen Motion 


Fig. 2 shows how the Segmental 
Recorder produces readable records and 




















Fig. 2—Comparison of Segmental and 
Conventional Recorder Charts 


the manner in which it utilizes chart 
space. A length of chart paper is joined 
together at the ends to form a con- 
tinuous loop which is divided into seg- 
ments of equal length. The loop is 
driven through the recorder, making 
one revolution during a complete sam- 
pling and recording cycle. Each seg- 
ment is reserved for one curve or as 
many as ten, if the curves will not over- 
lap or crisscross. 


The chart motion in a Segmental 
Recorder, plotting only a single curve 
per segment, can be continuous; because 
it is possible to print a dot on the fly, 
and stopping the chart to print is not 
necessary. A conventional recorder pen 
is held above the surface of the chart 
paper by an energized solenoid or 
miniature relay armature. When the 
solenoid is de-energized, the pen drops 
toward the surface of the paper. Just 
before it hits the surface, it extends a 
spring which is soft enough to permit 
the pen’s inertia to carry it downto the 
surface of the paper. The pen rebounds 
once, but then its weight alone cannot 
extend the spring enough to touch the 
paper again. A single dot is thus pro- 
duced when the solenoid is first de- 
energized, regardless of the length of 
the time it is de-energized. The pen is 
not forced down on the paper except by 
its own inertia. This contributes to 
long life. 


In a multi-record-per-segment record- 
er, the chart motion must be intermit- 
tent so that the chart is stationary 
during the time interval in which all 
variables are plotted in a given seg- 


tPresented at the Instrument Society of America Eighth National Instrument Conference and Exhibit held in Chicago, Ill., Sept. 21-25, 1953. 
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ment. If the curves in each segment 
overlap and crisscross, a print wheel 
using colored inks may be necessary. 
In many cases, however, overlapping 
curves can be avoided by using different 
zero suppressions for each curve. It 
would then be possible to use the pen 
and solenoid device without producing 
confusing records. 
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Fig. 3—Time Axis System for Synchronizing 
Printing and Chart Motion 


Time Scale 


In both types of Segmental Record- 
ers, a device must be provided to insure 
a correct and uniform time scale within 
each segment. In the single-record-per- 
segment recorder, the device would 
synchronize the printing with the mo- 
tion of the chart; and in the multi- 
record-per-segment recorder, the device 
would regulate the stopping point of the 
chart. 


Fig. 3 shows how a differential switch 
performs these functions. The switch 
has two mechanical inputs in the form 
of shaft positions and one electrical 
output which occurs when the two 
shaft positions coincide. One of the 
mechanical inputs is the chart position 
or, actually, chart drum position; and 
the other is the position of a timing 
shaft driven by a synchronous motor. 


Assume, first, that the chart drum is 
driven continuously, as in a single- 
record-per-segment recorder, and that 
the timing motor does not run. A pulse 
would be fed to the pen solenoid once 
each revolution of the chart drum, and 
a series of dots would be printed on the 
loop of chart paper. When the length 
of the loop of chart paper is an integral 
number of circumferences of the chart 
drum, the dots would be spaced one cir- 
cumference apart to become the seg- 
ment length; but additional dots would 
be printed on top of each other. If, now, 
the timing motor is started, the point 
at which dots are printed will slowly 
change, thereby producing a time scale. 
Note that the chart could be stopped for 
a close examination of any record and 
started again without disturbing the 
accuracy of the time scale. Note also 
that the time scale could run in either 
direction. 

The same differential switch is used 
in the multi-record-per-segment record- 
er. It is only necessary to provide that 
the electrical signal energize circuits 
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which would stop the chart-drive motor 
and actuate the pen solenoid, recorder 
input selector switches, and a stepping 
relay for counting. After the stepping 
relay counts out the correct number of 
records to be plotted in the segment, 
the chart motor would be started and 
control returned to the differential 
switch. 


The differential switch, in conjunction 
with a stepping relay, can also be used 
to count chart drum revolutions so that 
the serment length can be made equal 
to any integral number of chart drum 
circumferences. Segment lengths be- 
tween 6 inches and 24 inches appear to 
be the most practical from the point of 
view of readability and length of chart 
loop. 
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Fig. 4—Single-Record-per-Segment Recorder 
with 25 Segments 


25-Record Recorder 


Fig. 4 shows a single-record-per- 
segment recorder which has 25 seg- 
ments. It was modified from a single- 
record Brown instrument. The segments 
are one chart drum circumference or six 
inches long, and the entire loop is 12% 
feet long. The time scale within each 
segment is two inches per hour for 
demonstration purposes. The speed of 
response of the recorder, 2% seconds 
full scale, sets the limit on the sampling 
rate, and the chart speed is adjusted 
accordingly. The chart loop makes a 
complete revolution, thereby, sampling 
and plotting all variables every minute. 

Inside the recorder the chart drum is 
driven by the motor installed in place 
of the take-up roll. The major portion 
of the 12% foot chart loop is outside 
the recorder, and the chart enters and 
leaves the recorder case through a slot 
cut in the door. The absence of the 
supply and take-up rolls has created 
space which is only partially used by 
the chart-drive motor. 


The original chart-drive motor, hid. 
den in the back of the recorder, is noy 
used as the time-scale motor. Except 
for gear changes, nothing else wag 
modified in this section of the recorder, 

Fig. 5 is an exploded view of the dif. 
ferential switch which is mounted in the 
left end of the chart drum. Normally, 
in an unmodified recorder, the gear jg 
friction-coupled to the hub at tke end 
of the chart drum; and the chart drive 





Fig. 5—Exploded View of Differential Switch 


motor drives the chart drum through 
this gear. In constructing the differen- 
tial switch, this gear is reamed out and 
mounted on an insulating sleeve to- 
gether with a slip ring and a spring 
wiper. The entire assembly rotates 
freely on the chart-drum hub. When 
the spring touches a contact on the end 
of the face of the chart drum, a circuit 
is completed which trips the pen sole- 
noid and advances the recorder input- 
signal stepping relay which is mounted 
on the back of the recorder case. 
The printing mechanism is similar to 
the solenoid-actuated pen which has 
already been described. Surprisingly 
enough, the endurance of a standard 
glass pen in this intermittent type of 
service is remarkable. In months of use, 
the only failures were during the early 
experimental stages of the work; and 
these were caused by chart paper catch- 
ing on the pen point and bending it. 
The addition of extra chart guides 
remedied this situation; and the record- 
er was made to handle reliably, long, 
fast-moving charts. The picture of the 
interior of the recorder (Fig. 6) shows 
the various chart guides that are 
needed. The paper enters the recorder 
at the slot in the bottom of the case 
and passes directly to the chart drum. 
If the paper passes over the chart drum 
in perfect alignment, it touches nothing 
except the chart drum. If, however, it 
should attempt to wander to either side 





Fig. 6—Interior of (the Recorder 
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or in any way jump off the sprockets, 
it is prevented from doing so by the 
chart guides at each end of the drum. 
These guides are above the surface of 
the chart paper but below the tops of 
the sprockets. The paper then falls 
down over the front of the writing 
plate and out the bottom of the 


recorder. 


The rules for successful handling of 
the chart inside the recorder may be 
summarized as follows: 


1. The paper should never be squeezed 
between two springs, fingers, rolls or 
any other type of device. 

2. The paper should rub over sta- 
tionary surfaces at as few points as 
possible. 

When the loop is outside the recorder 
case, the simplest means of handling 
the chart are the most effective. With 
a short loop, this consists of a bar with 
flanges at either end riding in the lower 
end of the loop. The most successful 
method of handling a long loop is to 
drop it into a box. It works and is much 
simpler than either free-running or 
driven idler rolls which would be diffi- 
cult to string up. 


Three questions are most frequently 
asked about Segmental Recorder chart 
loops. First, what length of chart loop 
can be continuously dropped into and 
removed from a box? The answer is 
that almost an entire roll of paper can 
be used. This is a longer loop than 
would probably ever be used in any 
practical application. The second ques- 
tion is how long will it run? The an- 
swer to this was obtained by running 
several charts until they somehow 
failed. The charts ran continuously for 
times ranging between one and two 
weeks before they failed. With charts 
that are changed every day or two, 
which they would be under normal 
operation, the reliability is excellent. 
The third question concerns wear at the 
sprocket holes causing plotting errors. 
Errors from this source are less than 
those caused by normal expansion and 
contraction of the chart paper due to 
humidity. For instance, after 10,000 
passes of a chart through the recorder, 
the error caused by sprocket-hole wear 
was less than one-tenth of one per cent. 


120-Record Recorder 


Fig. 7 shows a Leeds and Northrup 
recorder that was converted’ to high 
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speed multi-record-per-segment opera- 
tion. The basic L&N instrument is a 
single-record model which has a full 
scale response time of about one and 
This modified instru- 
is de- 


one-half seconds. 
ment would be useful where it 
sired to have an operator monitor many 














Fig. 7—Converted Recorder for High Speed, 
Multi-Record-per-Segment Operation 


variables which, under normal opera- 
tion, would not change appreciably but 
where the early detection of trends 
away from the normal would be useful. 


Ten variables of similar magnitude 
are plotted in each of 12 segments. If 
all the variables were equal, the curves 
would be equally spaced within each 
segment. This is done by switching in 
ten separate zero suppression circuits 
during the scanning of the points in 
each segment. As each point is plotted, 
zero suppression changes by one-tenth 
of full scale. 


This one Segmental Recorder could 
take the place of ten conventional multi- 
record recorders or 120 single-record 
In addition, an operator 
would not have to shift his eyes back 
and forth over many recorders, because 
the Segmental Recorder would bring 
the records to him at a rapid pace. 

The recorder samples and plots all 
120 records in one and one-half min- 
utes, or 7! Of 
this 74% seconds, 4% are used for plot- 
ting ten points and three for indexing 


recorders. 


2 seconds per segment. 


the chart to the next segment and re- 
turning the pen to zero in preparation 
for the next plotting period. Four- 
tenths of a second is enough time to 
permit the recorder to accurately indi- 
cate the magnitude of a variable, if it 
must move 20 per cent of the scale. 

The conversion of the L&N recorder 
to segmental operation is basically the 
Same as the previously described re- 
corder. The only differences are in the 
dimensions and locations of some of the 
mounting brackets for the 
parts. 


various 


Summary 


The Segmental Recorder has several 
apparent advantages over conventional 
recorders. They may be summarized as 
follows: 

1, The Segmental Recorder produces 
a more readable and less confusing 
chart record. 

2. Because of this, fewer recorders 
are required for a given number of 
records. This means less instrument 
panel space and fewer electronic ampli- 
fiers and measuring circuits to service. 

3. The first cost expressed in dollars 
per record may be as little as one-tenth 
that of conventional instruments. 

Segmental Recorders, however, are 
not without their disadvantages, some 
of which are: 

1, The charts must be changed every 
day or two. 

2. For one recorder, changing the 
chart takes longer, and greater care 
must be taken in installing the new 
chart. 

3. The maintenance cost for one Seg- 
Recorder will probably be 
greater than for one conventional re- 
corder. Whether one Segmental Record- 
er would require more maintenance than 
many conventional recorders is open to 
question. 

4. All records are not instantly avail- 
able; some are in the box or on the back 
side of the chart loop. However, record- 
ing could be stopped and the chart 
advanced rapidly by a manual push but- 
ton, if quick inspection of all records 
were needed. 


mental 


Segmental recorders were developed, 
not primarily for replacing conventional 
recorders but for applications where 
heretofore data had not been recorded 
because it was too expensive to do so. 
In other words, they will not compete 
with but will supplement conventional 


multi-record instruments. 
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DISCUSSION 
By DR. GEORGE KEIN ATH* 


Advantage of Segmental Recorders 


It appears that the greatest advantage 
of segmental chart recorders is the 
much better presentation of the dia- 
grams. In fact, with a conventional 150- 
point recorder we do not have anything 
like a “diagram”. We have only a 
galaxy of points which require transla- 
tion, if we want a picture of the test. 


The National Bureau of Standards, in 
Circular 530, has described the use of a 
conventional recorder to plot the re- 
sistance change of 500 printed resistors 
over 500 hours, with a sampling cycle 
of 4 hours. For one 500-hour test, 62,500 
recordings were made and later trans- 
cribed into separate diagrams. Assum- 
ing only 10 seconds translation time per 
point, the transcription of all points 
from a chart about 300 feet long would 
take about 175 hours and would cost 
some $500 for one such test. For this 
reason only a small fraction of the re- 
corded points, 1/25th of them, has been 
used for the published report, giving the 
recistance change only every 25-100 
hours, only 7 points for each resistor. 


Paper Consumption 


Conventional multirecorders of the 
industrial type move the chart about 1.4 
mm for each recorded point and two 
inches per minute for about 30 record- 
ings per minute. With two seconds 
printing interval we have 43,200 points 
in 24 hours and a chart length of about 
240 feet. The DuPont recorder for 150 
temperatures, with 15 frames of six 
inches height, with ten curves each, 
takes only an endless chart of 7.5 feet 
length, a paper saving of 97 per cent 
plus much better presentation. 


Curve Density 


The conventional 150-point strip chart 
recorder moves the chart eight inches 
before the same transmitter 
connected. There are 149 other points 
between two points from the same trans- 
mitter. 
per eight inch or 0.125 point per inch 
time base. In the DuPont recorder we 


is again 


The curve density is one point 


*Consulting Engineer, Larchmont, N. Y, 


have 288 points for six inches chart 
travel, or 48 points per inch. With 
other words, the curve density of the 
DuPont recorder is 800 times higher 
than with scatter diagrams and we get 
a practically continuous line. 


Use of the Sweep Balance System for 
Segmental Chart Recorders 


With sweep balance the mechanical 
design of a segmental chart recorder is 
very much simplified. We use about the 
same endless strip chart, 12 inches wide, 
but we exchange the ordinates and have 
the time on the horizontal and the tem- 
perature on the vertical ordinate, the 
common way to represent temperature 
in function of time. 

The design difference is that 
the servomotor system of the DuPont 
is replaced with the sweep 


main 


recorder 
balance system, sweeping a measuring 
eye with constant speed over the full 
range of the meter, releasing at the 
balance point with a high speed elec- 
tronic null relay a condenser discharge 
of some 20 milliwattseconds energy 
which operates a high speed electric 


printer element on a continuously mov-. 


ing chart. 


Such a system is capable of extremely 
high speed. Immediately 
grams have been recorded at the rate of 
100, 
speed of one recording every two sec- 
onds is extremely low for this type of a 
multiple industrial recorder. 


visible dia- 


even 400 points per second. A 


For our 150-point recorder we use two 
styluses six inches apart and move them 
across the chart with a small motor or 
clock at the rate of six in. in 24 hours. 
The chart is 90 inches long and has 36 
frames 5 by 6 inches, and 4.5 in. net 
deflection. In each frame we have four 
in four colors. The selector 
switch is operated with the same motor 
which drives the chart and the poten- 


curves 


tiometer arm. After two chart cycles, 
every 36 seconds, the color of the elec- 
tromagnetic printer is changed. In 288 
seconds a fuli cycle of 144 recordings 
is completed. 


If the scale length of 4.5 in. is con- 
sidered small compared with 10 in., it 
may be said that the sweep balance re- 
corder has only four curves per frame 
and that 
type have charts only three in. 


many recorders of the latest 
wide. 
The curve density is the same as with 


the DuPont recorder, 48 points per inch 
time base. 
also the sane. 


Sensitivity and accuracy are 
It may be mentioned 
that sweep balance recorders may be 
exposed to higher values of shock and 
vibration than other recorders, because 
the sensing and the recording device are 
in rigid mechanical connection. 


Comparing the DuPont System 
With Sweep Balance 


The new system appears simpler be. 
cause all mechanical movements, except 
of the printing hammer in color record. 
ers, are all continuous. There is no 
starting or stopping or coupling of a4 
motor, no damping or hunting problem. 
The same as 


used for many other devices, is without 


electronic circuit is the 
inertia, able to mark the chart precisely 
at the balance point, at speeds which are 
100 times higher than the speed needed 
for production supervision. Exact marks 
can be made at chart speeds of 200 in. 
paper. A 
mechanism in continuous movement in 
constant 
speed appears less complicated and less 


per second on Teledeltos 


one direction only and with 
subject to troubie than one which is 
started, stopped, and reversed about 
100,000 times a day, or 30 million times 


per year. 


‘ 
Signalling 


Because the position of the recorded 
point on the chart is also represented by 
of the total sweep 
is simple to give an alarm, 


a certain fraction 
period, it 
by means of a time relay, when one of 
the 144 variables is beyond or below a 
specified limit. 


X-Y-Recording 


If we move the stylus not in propor- 
tion to time, but in proportion to any 
other it is 
possible to build multiple X-Y record- 
ers, a problem which is difficult to solve 
with other recording systems. A re 
been used to 
the same 


variable, e.g. temperature, 


corder of this type has 


"9 


test 72 quartz crystals at 
time, tracing frequency and activity in 
function of temperature for tests of half 
Another sweep bal- 


ance recorder is tracing 48 stress-strain 


an hour duration. 


diagrams in 24 frames 5 py 5 inches 
on a chart 60 inches long and ten inches 
wide. 
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in Power Plant Instrumentation’ 


practical 
industrial 
We explore 


Abstract: This paper deals with 


efforts to apply the findings of 
psychologists to instrumentation. 
the usefulness and ponder the need for engi- 


neering psychology. The material presented is 


intended to orient you in human engineering 
or engineering psychology—as it is more ac- 
curately described. You will be alerted on 
what to watch out for, and we hope to start 


you off in a search for more material to fill 
some of the many gaps in this new and grow- 


ing field of technology. 


MERICA has achieved an enviable 
ines in history for its achieve- 
ment in the field of technological pro- 
gress. The mass production system has 
evolved complicated, but efficient ma- 
chines. Man’s desire to measure and 
control variables like temperature and 
pressure, his curiosity about gamma 
particles, and hydrogen ion concentra- 
tion has produced instruments which 
make possible products not known a 
few years ago. Most of all, the compli- 
cated dreams twenty years ago are the 
accepted necessities of life today — air- 
craft, television, mechanized agricul- 
ture. 

The question arises, have we reached 
the point where the machine has dwarf- 
ed the man? For the characteristics of 
the individual — the human machine — 
have not changed in the memory of 
man and will not change for countless 
generations to come; while the man- 
made engine is capable of ever-increas- 
ing power, scope, and speed of opera- 
tion. We must, therefore, consider 
man’s capabilities as a constant in con- 
trast to the unending progression of 
the machine. 

The human faculties of perception, 
action, and decision can now be taxed 
to such an extent that it is no longer 
possible to take full advantage of the 
machine, unless the control of the ma- 
chine can be tailored to human capa- 
bilities. The question is — How is this 
done ? 

A man is engaged to perform a task. 
Some tasks may be simple and, in such 
cases, automatic equipment is usually 
conceived to eliminate the manual op- 
eration. Other tasks are more com- 
plicated and require judgement on the 
part of the operators. Judgement elimi- 
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BEFORE AFTER 
Fig. 1. Watt-hour meter before and after 
redesign for simplified reading 


nation machines usually result in de- 
vices which are expensive to build and 
to maintain. 

The power plant and most other in- 
volved industrial processes are under 
the direction of an operator. His chief 
tasks are in a centralized instrument 
control room. His judgement is a major 
characteristic of his duty. 


TASK OF HUMAN ENGINEERING 

The purpose of human engineering is 
to increase the effectiveness of a man at 
a task. This can best be done by a 
study of the task as a whole problem 
which includes the man, the task, and 
the devices he uses. 

In general, human engineering at- 
tempts to analyze the factors which 
help man to perform his task with 
speed, accuracy, quality performance, 
comfort and safety. In effect, it is a 
design for optimum over-all perform- 
ance. 

Like any experimental science, hu- 
man engineering, or engineering psy- 
chology, obtains its facts by some sys- 
tematic technique of observation. Be- 
cause the material in which the psy- 
chologists are interested is the be- 
havior of people, the usual controls for 
obtaining unbiased observations must 
be even more rigidly enforced than in 
other sciences. Additional difficulty 
comes from the fact that human be- 
havior is extraordinarily complex and 





John G. Fleming 


is affected by a tremendous number of 
factors. 

Now, in order for us, the engineers, 
to understand this new approach better, 
and to make more of it, we must spend 
some time contemplating the evolution 
of human engineering or engineering 
psychology. 

Psychology is concerned with the be- 
havior of human beings. We are spe- 
cifically concerned with human _ be- 
havior related to machines and instru- 
ments. 
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Fig. 2b. Same seale after redesign for simp- 
plified reading 


TIME AND MOTION STUDIES 

The first steps in this field were made 
by engineers. In 1881, Frederick W. 
Taylor made his first time studies in a 
machine shop. Then, later credit for the 
development of motion study is usually 
given to Frank B. Gilbreth, an engin- 
eer, and his psychologist wife, Lillian 
M. Gilbreth. Motion study, unlike time 
study, primarily concerns the manipula- 
tions or movements made by a human 
operator in performing any task. 

Job simplification is the determina- 
tion of the individual’s best way of op- 
erating a machine, and this is the usual 
task of the time-and-motion engineer. 

Now, one root of experimental psy- 
chology goes back into time-and-motion 
engineering. The second historical in- 
fluence comes directly from psychology, 
¥ ¥. 

a. Human 
ences. 

b. Intelligence selection: techniques. 

c. Selection and limits of operators. 


and_ differ- 


similarities 


tPresented at the Instrument Society of America Eighth National Instrument Conference and Exhibit held in Chicago, Ill., Sept. 21-25, 1953. 
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Fig. 3a. Liquid level indicating scale before 


redesign 





seale after 
redesign for simplified rexaing 


Fig. 3b. Liquid level indicating 


Although industrial experimental psy- 
chology has existed since the turn of the 
century, there were few notable contri- 
butions until World War II. 


World War II brought the design en- 
gineers and the psychologists together 
in a team to work out their related prob- 
lems. In many cases, it was found 
necessary to redesign devices to provide 
the required accurate operation by the 
average man; rather than to depend on 
a highly trained operator. 


WATTHOUR METER 


Perhaps one of the major reasons 
for discussing Human Engineering in 
the Power Plant is that this industry 
has been associated with a most un- 
readable instrument (the watthour me- 
ter) which determines the consumer’s 
power. The accumulating character of 
this instrument minimized the impor- 
tance of mistakes. But when consum- 
ers were asked to read their own meters 
during World War II, their mistakes 
forced action to improve the meter. 
Fig. 1 shows a new improved watthour 
meter which is compared to the well 
known type. The manufacturer claims 
it was not so much a question of psy- 
chology, but a factor which betters cus- 
tomer relations. 
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Mr. H. H. Johnson, of Consolidated 
New York, 


ability as one of the six major con- 


Edison of includes read- 
siderations in power plant instrumen- 
tation. Furthermore he says, “The use 


full 


ture, represents subconscious attempts 


of models, either size or minia- 
at applying human engineering princi- 
ples to grouping and placing of instru- 
ments.” This is typical of the attitude 
of a great many instrument men in the 


power plant field. 

Stone and Webster Engineering Corp. 
the 
arranging 


has evolved general practice of 


selecting and control board 
equipment for the greatest convenience 
of the the 


movement be natural, 


operator on basis that his 


easy, and min- 
imized for quick and accurate action in 
emergencies, during start-up and shut- 


down and even in routine operation. 


Initial studies have provided some 


specific data: 

The average man is 5 ft. 9 inches tall 
and has, when standing 18 inches from 
an upright board, a visual scope defined 
by a 4 ft. 10 in. diameter circle centered 
the The 
reach comfortably with- 


5 ft. 5 in. from floor. area 


which he can 
out stretching is roughly within two 32 
in. circles centered 4 ft. 9 in. above 
the floor, one 6.5 in. to the right of the 
body center line for the right hand and 


one 6.5 in. to the left for the left. 


This pattern indicates that for up- 
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Fig. 4. Publicity flyer for 1952 Conference 
on Recording and Controlling Instruments 


right boards the upper limit for Visy- 
ally used equipment is 7 ft. 10 in., and 
the lower limit is 3 ft. above the floor 
and for manually used equipment the 
upper limit is 6 ft. 1 in. and the lower 
limit is 3 ft. 5 in. above the floor. 


For the 5 ft. tall man, the visual] circle 
is 4 ft. 10 in. in diameter centered 4 ft 
9 in. above the floor and the reach Circles 
are 28 in. in diameter centered 4 ft. 1 in. 
above the floor and 6.5 in. to the right 
and left of the center line. 


These figures based on the operator 
remaining rigid and stationary, which 
would be only momentarily, have value 
Quick and ae. 
curate operator action will be available 


for establishing limits. 


in emergencies when less big-muscle ad. 
justment is necessary. To a lesser de. 
gree, this is true for start-up and shut. 
down circumstances, but during normal 
operation, slight 


movement or several 


steps are acceptable as a matter of 


course. Only tip-toeing or stretching 
can increase the upper limits, however, 
and in locating manually operated con- 


trols, it should be 


remembered that, at 
the extreme reach, pushbutton operation 
is easier than the wrist motion necessary 


for rotary control. 

Information gathered has been ap 
plied as soon as it has been correlated 
and checked. For Fig. 14a 
illustrates an actual board for 


a boiler-turbine-generator for a highly 


example, 


control 


centralized station. Fig. 14b illustrates 


the functional counterpart. The visual 


and reach circles for men of three 


heights, 5 ft., 5 ft. 9 in. (the 


American man), and 6 ft. 1 in. have been 


average 


marked. Since stooping is more feasible 


than tip-toeing, these markings show 
the upper reach limits for the short 
man must be given serious considera: 
tion. Generally, manually-operated con- 
trol equipment of any kind is located 
within this limit. But, where struc 
tural requirements necessitate devia 


tion, departures are minimized, and less 
frequently used equipment is placed on 
the fringe area whenever possible. 
Power plants have numerous pro- 
cesses which are completely automatic. 
Similarly, the high-speed 


in some chemical and nuclear processes 


operations 


(not too disassociated with power 
plants) find man too slow. Only 
automatic equipment can be _ satisfac 


tory. However, complete automation is 
expensive and, in many cases, is not 


justified economically; but where ne 
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FOREWORD 


This Recommended Practice has been prepared 
as a part of the service of the Instrument Society 
of America toward a goal of uniformity in the field 
of instrumentation. To be of real value this re- 
port should not be static, but should be subjected 
to periodic review. Toward this end the Society 
welcomes all comments and criticisms, and asks 
that they be addressed to the Recommended Prac- 
tices Committee, Instrument Society of America, 
1319 Allegheny Avenue, Pittsburgh 33, Pa. 
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Recommended Practice — Coding of Thermocouple Wire and Extension Wire 














This report was prepared by the Subcommittee on Thermocouple 
and Extension Wire (RP-1). 


HH. M. McCarthy, Chairman 1948 
Standard Oil Development Company 


J. W. Percy, Chairman 1952 
United States Steel Corporation 


W. E. Boyle 
Shell Oil Company 


G. T. Evans 
The Bristol Company 


Prof. C. F. Kayan 
Columbia University 


A. E. Krogh 
Minneapolis-Honeywell Regulator Company 


J. F. Quereau 
Leeds & Northrup Company 


A. P. Steensen 
The Foxboro Company 


L. Van Blerkom 
Weston Electrical Instrument Corporation 


Page 3 








_ INSTRUMENT SOCIETY OF AMERICA 





Approved by the Recommended Practices Committee on September 8, 1952. 


A. V. Novak, Chairman 
E. I. duPont de Nemours & Co., Inc. 


J. G. Kerley 
Shell Oil Company 


F. H. Trapnell 
E. I. duPont de Nemours & Co., Inc. 


W. E. Boyle 
Shell Oil Company 


W. A. Crawford 
E. I. duPont de Nemours & Co., Ine. 


R. L. Galley 
North American Aviation, Inc. 


EK. A. Adler 
United Engineers & Constructors, Inc. 


H. Ecker 


Minnesota Mining & Manufacturing Co. 


G. G. Gallagher 
The Fluor Corporation 


W. A. Hagerbaumer 
Socony-Vacuum Oil Company 


P. R. Hoyt 
Shell Development Company 


J. L. Lopez 
Lago Oil & Transport Company, Ltd. 


C. W. Bates 
Humble Oil & Refining Company 


R. E. Clarridge 
Taylor Instrument Companies 


J. R. Connell 
Imperial Oil, Ltd. 


D. E. Hostedler 
Foster-Wheeler Corporation 


A. E. Krogh 


Minneapolis-Honeywell Regulator Company 


A. F. Sperry 
Panellit, Inc. 


J. E. White 
Black, Sivalls & Bryson, Inc. 


H. M. McCarthy 


Standard Oil Development Company 


E. S. Mehnert 
Colgate-Palmolive-Peet Company 


J. W. Percy 
U. S. Steel Corporation 


R. R. Proctor 
The Pure Oil Company 


J. E. Read 
E. I. duPont de Nemours & Co., In: 


The following have reviewed the report and served as a Board of Review: 


M. C. Cheney 
Lewis Engineering Company 


V. L. Parsegian 
Kellex Corporation 


W. G. Brombacher 


National Bureau of Standards 


E. F. Sawacki 
Lewis Engineering Company 


Donald Dodkin 
The Foxboro Company 


D. E. Hostedler 
Foster-Wheeler Corporation 


E. E. Scott 
Army-Navy Electronic & Electric 


Standards Agency 


H. F. Moore 


Standard Oil Development Company 


Page 4 


no 


bo 


awe 





Recommended Practice 


Coding of Thermocouple Wire and Extension Wire 











Scope and Purpose 


1.1 This Recommended Practice applies to thermocou- 
ples and extension wires for industrial use. 


1.2 Its purpose is to establish uniformity in the designa- 
tion of various types of thermocouples and extension 
wires and to provide, by means of the color of its 
insulation, an identification of its type or composition 
as well as its polarity when used as part of a thermo- 
couple system. 


Introduction 


2.1 In 1821 Seebeck discovered that, in a closed circuit tion. An earlier (1921) calibration is still published 


made up of wires of two dissimilar metals, electric 


but rarely used. 


current could be caused to flow if the temperature 2.5 In 1938, in an effort to arrive at a more consistent Iron- 
of one junction was elevated above that of the other. Constantan calibration, the National Bureau of Stand- 
In 1886, Le Chatelier introduced a thermocouple con- ards issued Research Paper RP 1080 with new refer- 
sisting of one wire of platinum and the other of 90 ence tables (Type Y). This calibration has never been 
per cent platinum-10 per cent rhodium. This combina- popular industrially, but is used to some extent by the 
tion (Type S) is still the international standard for aviation industry, because of its acceptance by the 
purposes of calibration and comparison. This type of U.S. Air Force. 
thermocouple was made and sold by W. C. Heraeus, 2.6 Many other combinations such as carbon-tungsten, 
g-m.b.b. of Hanau, Germany and is sometimes called nickel-nickel molybdenum, carbon-silicon carbide, 
the Heraeus Couple. Somewhat later, due largely to chromel-stainless steel (KA,S) and chromel-constantan 
an error in preparation, it was learned that a thermo- have been used but have never gained wide acceptance. 
couple composed of 87 per cont platinum and 13 per Recently, the National Bureau of Standards has issued 
cent rhodium (Type R) would give a somewhat higher a ten degree Reference Table for Chromel-Constantan. 
e.m.f. output. This type is frequently used in industry. 
2.7 On the basis of general usage and NBS recognition, six 
2.2 In an effort to find less costly metals for use in ther- types of thermocouples, J, K, Y, S, R, and T have been 
mocouples, a number of combinations were tried. Iron coded. These letters, which indicate standard combi- 
and nickel were useful and cheap. Pure nickel, how- nations, were chosen arbitrarily but with an effort to 
ever, becomes very brittle upon oxidation, but it was eliminate any confusion which might arise from the 
learned that an alloy of about 60 per cent copper, 40 use of such general letter usage as AC, DC, G, etc., and 
per cent nickel (Constantan, Advance, Ideal) would differences which already existed between manufac- 
eliminate this problem. Hence the Iron-Contantan turers. 
ps ey cancel eR Rigger ca ost 2.8 The use of the letter X to indicate thermocouple ex- 
Seiten Cotaemy Sin athena Pa Rass a Seemstinndin tension wire appeared obvious. The use of the term 
io dieeeet fe aanetaah » mew Gates aie os lead wire, or compensation lead wire is to be discour- 
aged because it frequently is confused with the term 
this combination, and it is hoped that the present Type lead (metallic) 
Y can be dropped, since it has very little industrial use. ‘ P 
23 Hoek ; 2.9 Much discussion was involved in the use of red to 
+5 tee ins, in an effort to find a better couple than the designate negative polarity, since red is used popularly 
iron-nickel combination, developed a 90 per cent nickel, in electrical circuits to indicate positive. No nation- 
10 per cent chromium alloy as a positive wire, and a ally accepted code known to the committee covered 
95 per cent nickel, 5 per cent aluminum, manganese, this point. Research into manumactures_ records 
silicon alloy as a negative wire. This patented and showed that in thermocouple circuits, the red negative 
trademarked combination has come to be known as had been in use for more than thirty years. 
a (Type K) and has proved to be very 2.10 The colors used to designate the various compositions 
and combinations of thermocouple and extension wire 
2.4 Another combination, Copper-Constantin (Type T), has were selected upon an almost arbitrary basis. Colors 


proved very useful, particularly at below zero tempera- 
tures. The E.m.f.-Temperature Reference Table, in 
most general use, was prepared by the National Bureau 
of Standards in 1938 and is known as the 1938 calibra- 
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which had been used by large manufacturers were 
given very careful consideration and comparision so 
that as few changes as possible would be required to 
establish uniformity. 





























INSTRUMENT SOCIETY OF AMERICA 
RECOMMENDED SYMBOLS FOR TYPES OF THERMOCOUPLE WIRE 
Thermocouple Thermocouple Symbols 
Positive Negative 
Combination Wire Wire Combination Positive Negative 
Iron-Constantan (Type J)* Iron Constantan J JP JN 
Iron-Constantan (Type Y)* Iron Constantan Y YP YN 
Chromel-Alumel Chromel Alumel K KP KN 
Plat., 10% Rhodium-Plat. Pt,10% Rh Platinum S SP SN 
Plat., 13% Rhodium-Plat. Pt, 138% Rh Platinum R RP RN 
Copper-Constantan Copper Constantan sy TP TN 


RECOMMENDED SYMBOLS FOR TYPES OF EXTENSION WIRE 


\xtension Wire Extension Wire Symbols 














Positive Negative Combina- Posi- Nega- 

Thermocouple Combination Wire Wire tion tive tive 
Iron-Constantan (Type J)* Iron-Constantan Iron Constantan JX JPX JINX 
Iron-Constantan (Type Y)* Iron-Constantan Iron Constantan 7x YPX YNX 
Chromel-Alumel (Type K) Chromel-Alumel Chromel Alumel KX KPX KNX 
Chromel-Alumel Iron-Alloy Iron Alloy wx WPX WNX 
Chromel-Aumel Copper-Constantan Copper Constantan VX VPX VNX 
Plat., 10% or 13% Rh.-Plat. Copper-Alloy Copper Alloy SX SPX SNX 

(Type S or R) 

Copper-Constantan (Type T) Copper-Constantan Copper Constantan TX TPX TNX 


* Tron-Constantan Type J, is the calibration most widely used in industry today and is published in the Tech- 
nologic Paper of the Bureau of Standards, number 170 Pyrometric Practice (February 16, 1921), Page 306, 
Table IV, Column L, and International Critical Tables Volume 1, Page 59 (1926). 


Iron-Constantan Type Y, is the calibration indicated in Bureau of Standards Research Paper RP 1080, Tables 
9 and 10 (March 1938). 





RECOMMENDED COLOR CODE 


Duplex Insulated Thermocouple Wire 





Thermocouple 








Color of Insulation 








Positive Negative 
Combination Wire Wire Overall** Positive** Negative 

Iron - Constantan Iron Constantan Brown White Red 
(Type J) 

Iron - Constantan Iron Constantan Brown Grey Red 
(Type Y) 

Chromel - Alumel Chromel Alumel Brown Yellow Red 
(Type K) 

Copper-Constantan Copper Constantan Brown Blue Red 
(Type T) 


** A tracer color of the positive wire code color may be used in the overall braid. 
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RECOMMENDED COLOR CODE 


Single Conductor Insulated Thermocouple Extension Wire 




















Extension Wire Material Color of Insulation 

Thermocouple Material Positive Negative Positive Negative* 
Iron - Constantan (Type J) Iron Constantan White Red - White Trace 
Iron - Constantan (Type Y) Iron Constantan Grey Red - Grey Trace 
Chromel - Alumel (Type K) Chromel Alumel Yellow Red - Yellow Trace 
Chrome!l - Alumel Iron Alloy Green Red - Green Trace 
Chromel - Alumel Copper Constantan Brown Red - Brown Trace . 
Plat. 10% or 13% Rhodium - Plat. Copper Alloy Black Red - Black Trace 


(Type S or R) 


Copper - Constantan (Type T) Copper Constantan Blue Red - Blue Trace 


* The color identified as a trace may be applied as a tracer, braid, or by any other readily identifiable means. 


Note of Caution: 


In the procurement of random lengths of single conductor insulated extension wire, it must be recognized 
that such wire is commercially combined in matching pairs to conform to established calibration curves. There 
fore it is imperative that all single conductor insulated extension wire be procured in pairs, at the same time, 


and from the same source. 


RECOMMENDED COLOR CODE 


Duplex Insulated Thermocouple Extension Wire 

















Extension Wire Material Color of Insulation 
Thermocouple Material Positive Negative Overall Positive Negative** 
Iron -Constantan (Type J) Iron Constantan Black White Red 
lron - Constantan (Type Y) Iron Constantan Black Grey Red 
Chromel - Alumel (Type K) Chromel : Alumel Yellow Yellow Red 
Chromel - Alumel Iron Alloy White Green Red 
Chromel - Alumel Copper ,- Constantan Red Brown Red 
Plat. 10% or 13% Rhodium - Plat. Copper : Alloy Green Black Red 
(Type S or R) 
Copper - Constantan (Type T) Copper Constantan Blue Blue Red 


** A tracer having the color corresponding to the positive wire code c lor may be used on the negative wire 
color code. 
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ISA RECOMMENDED PRACTICES 


No. Title Date Published Unit Price* 
RP1. 1 “Coding of Thermocouple Wire and Extension 1-1-54 .50c members 
Wire” 1.00 others 
RP2. 1 “Manometer Tables” 3-1-53 1.00 members 
2.00 others 
ISA TENTATIVE RECOMMENDED PRACTICES 
No. Title Date Published Unit Price* 
RP1. 2 “Thermocouples and Thermocouple Extention 
Wires - Installation” 8-22-52 .50c all 
RP1. 3 “Thermocouples and Thermocouple Extention .50c members 
Wires - Therminology” 8-22-52 1.00 others 
RP1. 4 “Thermocouples - Fabrication” 8-22-52 .50c all 
RP1. 5 “Thermocouples - Checking Procedures” 8-22-52 .35¢ all 
RP3. 1 “Flowmeter Installations Seal and Condensate 
Chambers” 5-1-51 .50¢ all 
RP4. 1 “Uniform Face to Face Dimensions For Flanged 
Control Valve Bodies” 1-15-51 .26e all 
RP5. 1 “Instrument Flow Plan Symbols” 6-26-50 1.00 all 
RP11. 1 ‘““Mercury Handling” 4-16-52 .50¢ all 


*Quantity prices wil be suplied on request. 


(1-54) 








NATIONAL OFFICE 
INSTRUMENT SOCIETY OF AMERICA 


1319 Allegheny Avenue 
Pittsburgh 33, Pennsylvania 
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cessity is the chief factor, there may be 
no alternative. Today, and for a number 
of years in the future, our power plants 
will be man-operated. This is an im- 
portant consideration for us, and it is 
the guiding thought in this presenta- 


tion. 


INSTRUMENTATION 


Another vital consideration is instru- 
mentation, since instruments serve as 
the communication means between the 
process. and the man-operator. Since 
process variables have become so com- 
plicated, instruments are required to 
indicate what is going on in the process 
and to enable us to control it. Instru- 
mentation is the sensory system of mod- 


ern industry. 


The present tendency toward central- 
ized instrumentation amplifies the vital 
role of the process operator. Under his 
surveillance, the more complicated pro- 
cesses demand economy, quality, prod- 
uct uniformity, and safety. In the case 
of start-up and shut-downs, many auto- 
matic controls are manually operated. 
In addition, unforeseen and miscalcu- 
lated disturbances further contribute to 
the operator’s heavy responsibilities 
which have already been multiplied by 
industrial progress. 


As the responsibilities of the man- 
operator are increased, you might won- 
der: Is it possible for him to perform 
his tasks efficiently? In time of emer- 
gency can he make all the readings 
accurately and quickly? Is the operator 
bored or overworked? Specific exper- 
ience has led us to believe that we have 
not been sufficiently alert to keep this 


man-machine system functioning at op- 
timum efficiency. 


We now present several cases which 
have general significance in this regard. 


Problem A 


A temperature controller operates in 
4 process in which dependability is criti- 
cal. The variable is measured at the 
process and then transmitted to the cen- 
tral control room. The instrument scale 
is similar to that shown in Fig. 2a with 
major markings at multiples of 30, and 
smallest markings valued at 3. A cau- 
tious user sets up a regular instrument 
accuracy inspection for this critical mea- 
surement. Calibration checks made with 
values like 21 were frequently misread, 
whereas marked values like 30, etce., 
showed a minimum of reading error. 
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Fig. 5. Front Cover of Magazine 


user believed that the instru- 
because calibration 


Result: 
ment was unstable; 
required frequent adjustment. 


Solution A 


Replacement of scale in Fig. 2a with 
that in Fig. 2b. The latter has major 
markings at 30, emphasized markings 
at multiples of 10, and smallest division 
markings 2’s. This instrument scale is 
much easier to read through the entire 
range. Errors were reduced and the 
user thinks the 
but we are just amazed at the 


instrument is more 
stable; 
consequence of simply changing scale 


markings. 


Problem B 


An instrument is required to meas- 
ure the liquid level in a drum. The 
range is 0 to 20 feet. The user wants 
an accuracy of 0.5 per cent or +0.1 
foot. The scale on the instrument shown 
in Fig. 3a has numbered emphasized 
marked values of 0-5-10-15-20. Then 
2.5, 7.5, etc., are emphasized; and the 
smallest marked division is 0.5. Fre- 
quently, in this case, a value such as 
16 feet is read as 17 feet, representing 
an error of 1 foot or 5 per cent! The 
user thinks that this is an instrument 
error. Of course, we think the observer 


made the mistake. 


Solution B 


When the instrument range is sub- 
divided and numbered as shown in Fig. 


3b, it appears to be relatively free of 
major reading The scale is 
then, no longer the limiting factor of 


errors. 


an instrument with +0.5 per cent ac- 


curacy specification. This is accom- 
plished by numbered or emphasized 
marked values of 1’s and smallest 


marked values of 0.2’s. 


One might well ask now, how gener- 
al is this problem? This point is a 
delicate one. However, a few general 
illustrations will point out how preval- 
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Fig. 6. Relationship of reading errors and 
numbered intervals on scale 


ent this problem is, and then you may 
well decide the question yourself. Re- 
member, the instrument scale is often 
the only guide; and the next day the 
instrument recorder chart is the only 
performance record. 
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READABILITY OF SCALES 
AND CHARTS 


Less than one year ago, a Confer- 
ence of Recording and Controlling In- 
struments was held in Philadelphia. 
The program cover contained a simpie 
seale, 0-10. In Fig. 4 you will note we 
have added a pointer; 
can you read the indicated value? 


the question is, 


An examplé of an unreadable chart 
appeared on the front cover page of 
a leading technical magazine. This il- 
lustration is shown in Fig. 5. Num- 
bered interval values of the range are 
in multiples of 10. The actual line as- 
sociated with the number is not em- 
phasized so that there is some confu- 
sion as to just which line represents 
the value. Furthermore, the main val- 
ues are subdivided by three so that the 


smallest marked interval value is 3.53 





8a. Pressure indicating scale before 
redesi¢u 


Fig. 
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8b. Pressure indicating scale after re- 
design for simplified reading 


Fig. 


and 6.66. These divisions make actual 
reading difficult, if not impossible. 


The Pennsylvania Electric Associa- 
tion has made a serious study of the 
problem of the operator observing in- 
strument scales and charts. They have 
investigated instrument room lighting 
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Fig. 9a. Temperature recording Chart before 


redesign 


and have had a hand in the new in- 
strument fronts for electrical switch 
where the instrument 
In fact, 
they were somewhat responsible for 
Bristol’s efforts in this field. 


gear indicators 


case shadow was removed. 


Previous engineering psychology 
work, particularly in the field of air- 
craft instruments, provides an informa- 
tive and useful guide. Practical appli- 
cation Uf these general findings are be- 
ing used on jindustrial instruments in 
an effort to improve accuracy by re- 
ducing the number and magnitude of 
mistakes made by instrument observ- 
ers. This subject can be considered 
under three distinct subdivisions. 





(1) 


Instrument Range Markings 


An interesting and useful text js 
“Applied Experimental Psychology” by 
Chapanis, Garner and Morgan. One ex. 
cerpt from this text is illustrated in 
Fig. 6 where reading error is plotted 
against scale numbered intervals of 1’s 
then 2's 
This 
for straight scales 


or 10’s, or multiples thereof, 


followed by 5’s in that order. 


data was collected 


and circular scales. 


Fig. 7 shows similar data except that 


the errors are related to the numerical 
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Fig. 10. 











Redesign of type to simplify 


reading 





Fig. 9b. Temperature recording Chart after redesign for simplified reading 
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Fig. 11. Improvement of chart readability by change of type 


value of the smallest scale division. In 
brief, the order of preference of scale 
division for least reading error in both 
Fig. 6 and Fig. 7 is 1-2-5. The reading 
error in the best case may be less than 
one-fourth that of the worse case. 


A further subdivision of scale mark- 
ings which has proved helpful is out- 
lined below. 


(A) Numbered 
values. 


emphasized marked 


(B) Unnumbered emphasized marked 
values. 
(C) Unnumbered - unemphasized 


marked values. 


The marking is the line indication 
on the scale and emphasis is made by 
variation of line weight in thickness. 


Fig. 8a shows a scale prescribed by 
a user. Fig. 8b shows the scale as the 
instrument manufacturer would have 
it. In this case, the numbered empha- 
sized intervals are multiples of 10, un- 


humbered emphasized intervals, of 5's, 


and unnumbered - unemphasized inter- 
vals of 1’s. This scale can be readily 
read from a distance, and it comple- 
ments the calibration scale subdivided 
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in 0.2’s for easy reading at close range. 

An experimental evaluation has been 
performed on scales illustrated in Fig. 
8 by Dunlap and Associates, Stamford, 
Connecticut. This simple test is by no 
means indicative of the scope of indus- 
trial engineering psychology, but does 
give a simple example of how to re- 
place with a clear 


arbitrary opinion 


scientific test procedure. 
To 
times required to read two types of dial 


Problem: determine the average 


displays. 


Two types of dial faces designed for 
use with level indicators were selected. 
The two dials, 8b and 8a, were identical 
from the standpoint of size, range, and 
Dial 8a, 
in that the 
smaller decimal divisions extended out- 
ward from the center of the dial and 
were of the same length as the wide unit 
On Dial 8b the decimal 
markings were cut off so that only the 
unit divisions extended from the center 
of the dial. 


number of division markings. 
however, differed from 8b 


markings. 


Experimental Procedure: 


Prior to the experiment the subjects 


were given several practice triais in 
reading the dials so that they would be 


familiar with the dial designs. 


A series of fifty random dial settings 
fifty units’ was 
then presented to the two subjects for 
Dial Sb and Dial 8a. The subjects were 
instructed to read the exposed dial set- 
as possible. The 
time required for a subject to read each 
dial 
perimenter. 


ranging from zero to 


ting as accurately 


setting was recorded by the ex- 
Subject “A” read fifty 
settings first from Dia! 8b and then Dial 
8a. Subject “B” started with 8a and then 
read settings on 8b. 
of fifty 
dials. 


The random series 
used with both 
The subjects were seated at a 
distance of seventeen inches from the 
dials under both conditions (8b and 8a). 
Dial markings were legible at this dis- 
tance. 


readings was 


Results: 


Reading times for both subjects for 
trials with 8b and 8a were combined. 
Using this sample of one hundred trials 


for Dial 8b and Dial 8a, the average 


time-per-reading for Dial 8b was 1.8 
seconds. Time for Dial 8a was 2.3 
seconds. This difference of .5 second is 


statistically significant. 


Conclusions: 


The results indicate that on the aver- 
age Dial 8b can be read faster than Dial 
8a. The difference in reading time for 
the two dials is 21.8 per cent, or Dial 8b 
can be read 21.8 per cent faster than 
Dial 8a. Consequently, Dial 8b is the 
preferred dial where reading speed is 
important, for example, where several 
be read in a short 


indicators must 


period of time. Certain generalizations 
can also be drawn from results of this 
nature. For example, a shorter reading 
time for a particular type dial design 
may indicate that more accurate read- 
ings may be obtained using this design. 
Also less training time may be required. 
To draw definite conclusions of this 
nature, the above assumptions should be 


subjected to further experimental tests. 


Fig. 9a shows examples of instrument 
charts where there is no line emphasis 
or poor line emphasis. Fig. 9b shows 
examples of instrument charts where 
all numbered intervals are multiples of 
10 and unnumbered 


emphasized inter- 


vals are multiples of 50. Furthermore, 
you can readily note the contrast in 


line weight for the main intervals of 
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Fig. 12a. Pneumatic indicator before re- 
design 








cator 





Fig. 12c. Final redesign for easy reading of 
pneumatic indicator 


100, the subdivisions of 50’s, and the 
smallest markings of 10’s. 


(2) Type Character 

In general, the designer of type se- 
lects his characters in order to obtain 
a maximum blending of characters so 
that the reader is able to select words 
quickly. This has proved to be very 
satisfactory for newspapers and books. 
However, in the case of numbers on in- 
strument scales, dials, and charts, the 
engineering psychologists have found 
the use of a special type reduces read- 
ing error by as much as 2 to 1. 
See Fig. 10. The feature of this type 
is the distinguishing characteristic 
which makes the 8’s and 9’s as distinc- 
tive as the 5’s and 6’s so that the 
chances of misreading are reduced to a 
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minimum. The type shown on the im- 
proved charts in Fig. 11 is Bankers’ 
Gothic, which is very close to the de- 
sign indicated in the previous figure. 
Also, black range figures on a grey 
background provide optimum contrast. 


(3) Common Sense Design 

Industrial instruments should provide 
readable measure at a distance of 15 
to 30 feet. They should also provide 
accurate readings when the operator is 
1 to 5 feet of the instrument. 
This dual requirement should be 


complished with a 


within 
ac- 
of inter- 
Positive 


ninimum 


ference between functions. 
examples of improvement in this regard 
are shown in the illustrations Figs. 12a, 
12b, and 12c. 

Shadows and reflections in instru- 
ment windows must be kept to a mini- 
mum. Pointers should not obstruct the 
scale graduations or numerals. Typical 
examples of reducing the effect of the 
case shadow on the range numerals 
are illustrated in Figs. 13a and 13b. You 
will note that the range numerals have 
been lowered so that they are almost 
completely out of the shadow. Further- 
more, the pointer distinctly indicates 
the scale marking without obstructing 


the scale in any way. 


PROBLEMS OF THE PRESENT 
AND FUTURE 

This paper has been concerned with 
some of the very simple, but very im- 
portant, factors in instrumentation. Its 
purpose is to encourage greater use of 
the techniques of engineering psychol- 
ogy in our traditional forms of en- 
gineering. 

Instruments that are used to indi- 
cate and record variables must follow 
the rules for optimum readability. The 
statistical reading error must be mini- 
mized. The road to automation seems 
to give the man-operator more re- 
sponsibility as we progress, and if 
anything, the man-instrument-machine 
system will become more critical before 
the automatic plant is eventually 
achieved. 

Our preliminary results show that 
we can hopefully look for help from 
the engineering psychologists in our 
problems of arrangement and selection 
of instruments for panels in the central 
control room. Traditional engineering 
may well aid the engineering psycholo- 
gist to outline representative experi- 
ments which will permit replacing arbi- 
trary opinions with tested facts on such 


vital questions as: 


(A) What is the minimum informa. 
tion required by central control room 
operators for intelligent decisions? 

(B) Should switches and controls be 
clustered together with related meas. 
urements; or, should switches and ¢op. 
trols be clustered separately from meas. 
urements? 


(C) What is the optimum size indj. 
cator and recorder? 
(D) What is the arrangemei,{ 


for central control room instrumenta- 
tion? 


best 


Our purpose was not to discuss the 
but rather the 
problems of today and the next few 


visions of tomorrow, 


years. Today our power plants have 
instruments and operators. In the next 
few years the power plant instrument 


control room will have many instrument 
We have cited 
positive proof of where we have been 


and operator problems. 


able to use the findings of the engineer. 


ing psychologist to reduce instrument 


error, thereby improving 


formance and plant safety. 


process per- 


forgotten 
is that we have 


The question is not the 


man so much as it 
forgotten man’s place in the industrial 
systems we continue to complicate. 
When man reads a meter he becomes 
part of a man-meter system, and we 
must recognize this in the design of 
the meter. When we bring together a ‘ 
large number of meters at a single 
location, we must also recognize the 
function of the man-meter system. Our 
experience leads us to believe that the 
methods, techniques, and knowledge of 





13a. Strip chart recorder before rede- 
sign 


Fig. 





rede- 


13b. Strip chart recorder after 
sign applying principles of Human Engi- 
neering. 


Fig. 
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Fig. 144A. Power plant instrument control board with visual and reach patterns superimposed for man standing 18” in front of board 
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Fig. 14B. Power plant instrument control board with visual and reach patterns superimposed for man standing 18” in front of board 


the engineering psychologists will play 
an ever-increasing role in complement- 
ing the traditional technical forms of 
engineering in resolving many of our 
control room problems which are still 
clouded by the controversy of arbitrary 
opinions. 
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helps measure textile fibres 


~PREVESTESE EPSP exec enEs 


Micronaire with a Meriam Manometer Model 
B1103 attached is a device for measuring 
the fineness of textile fibres more accurately 
and at less cost. It is manufactured by 
The Sheffield Corporation, Dayton 1, Ohio. 





Dependable Meriam Manometers figure prominently in a unique 
method of measuring the fineness of cotton, wool and natural 
synthetic fibres. Accurately «weighed specimens of fibres are 
inserted in the Sheffield Micronaire. Air at a precise pressure 
and volume, flows through the specimen, and sensitive 
Micronaire accurately measures the flow and correlates it with 
the standard units of fineness measurement more quickly, at less 
cost, and with greater accuracy than other methods offer. 
Meriam Manometers provide precisely accurate indication of 
the fixed air pressure as it enters the Micronaire chamber... 
essential to successful operation. 


We are proud to salute and glad to serve instrument engineers 
who are developing new methods of using the hydro-static bal- 
ance principle of measurement for difficult industrial problems. 


Whether you measure the fineness of fibres or have other re- 
quirements for precisely indicating pressure or rate of flow of 
gases or liquids, you may need Meriam Manometer Accuracy. 
We will be glad to have our Technical Representative in your 
area discuss your instrumentation problem with you. Write today. 


THE MERIAM INSTRUMENT COMPANY 
10992 Madison Avenue ° Cleveland 2, Ohio 
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HISTORY OF ISA FILM 


Principles of Automatic Control 


Karly in 1946 the problem of train. 
ing new personnel in the fundamentals 
of Automatic Control was recognized 
as a plant wide project in the Kodak 
Park Works of the Eastman Kodak 
Company. To provide this training it 
was decided that a visual demonstra- 
tion of a control system such as q 
liquid level process would offer a most 
effective training device. 


A portable panel depicting a “tank- 
level” process was constructed and a 
series of control “gadgets”, ranging 
from the “on-off” type to the modern 
“proportional-reset-rate’” type, were 
fabricated on plywood panels for pro- 
gressive use during the demonstration 
The pattern of the lecture was made 
to follow the stepwise improvements 
in controller design over the past 
twenty years. 


A score of demonstrations were 
given within the Kodak organization 
with very gratifying results. Then 
followed several appearances before 
local engineering groups and educa- 
tional institutions. News of the 
demonstration reached the ears of Mr. 
Mal Hall (Dean of instrumentation 
educators) who was then serving on 
the Educational Committee of ISA. He 
promptly made arrangements for 
Akins and Kowalski to appear at the 
First Annual Conference of ISA in 
1946. 


Because of the spreading interest in 
this type of presentation, the demon- 
stration was repeated at the 1947 and 
1948 Annual ISA Conferences. When 
the total number of appearances had 
reached fifty, the problem of accom- 
modating further requests became 
acute and it became necessary to limit 
the demonstration to company train- 
ing sessions exclusively. A _ text of 
the lecture was published in trade 
magazines during 1948 and 1949 but 
it was found to lack the appeal of a 
“live” presentation. 


In 1950, through the foresight and 
promotional efforts of Mr. Richard 
Rimbach, then Executive Secretary of 
ISA, the demonstration was made into 
a movie for distribution and sales by 
the Instrument Society of America. 
His judgment has proved very sound 
for the movie has been both a finan- 
cial and promotional success. 


To supplement the showing of the 
movie and to provide a more perman- 
ent record for those engaged in train 
ing courses, the original text was made 
available in booklet form and can be 
obtained from the National Office of 
ISA. 
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ELECTRONIC LABORATORY TEST INSTRUMENTATION 


means VLE 


* VERY LOW FREQUENCY 





We haven't made a transformer that works on DC 


yet (their range is .1 to 50,000 cycles per second) nor 
an oscillator that oscillates at zero cycles (.01 to 
120,000 cps is their field). 

But we do have direct-coupied amplifiers and 
carrier amplifiers that go all the way down to zero 
frequency. Our E-1 Comparison Bridge operates at a 
lower frequency than any other, and our R-1 Volt- 
meter will measure any potential from .0001 volts to 
1000 volts in the zero-to-100 kilocycle range. 

Why do we confine our laboratory-quality elec- 
tronic test equipment to such a limited portion of the 
Spectrum? True, it doesn’t include radio, radar, or 
television, but it does include audio, geophysics, vi- 


bration analysis, servomechanisms, computers, strain- 
gage applications, underwater sound, chemical and 
medical electronics, and a host of ther specialties. 
In these fields, S.1.E. leads the world —first with 
the finest in VLF instrumentation. 


Write today for com- 
plete engineering de- 
tails, specifications 
and prices on §S.I.E. 
electronic laboratory 
instruments. An illus- 
trated catalog is 
yours for the asking. 


ELECTRONIC INSTRUMENTS 


SET emeste 5 — 





SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 





2831 POST OAK ROAD ° 





January 1954 


P. O. BOX 13058 ° 


HOUSTON 19, TEXAS 
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By G. F. AKINS* 


A complete text of the material used in the popular training film bearing the same 


title in serial form in three parts. 


The Instrument Society of America is pleased to make this article available for 
general training usage in teaching fundamentals of automatic control for it represents 
a noteworthy contribution by industry to the field of instrumentation. 


The Society hereby expresses its gratitude to the Eastman Kodak Company for 
such contribution and to the two Society members responsible for its conception, 


Messers. G. F. Akins and J. H. Kowalski. 


PART I 


SCOPE 


Three major subjects are discussed in this arti- 
cle. Arranged according to their related import- 
ance to the main topic, these subjects are consid- 
ered in the following order. 


(1) Justification for Automatic Control: The 
first of the discussion is devoted to a typical con- 
trol installation in an effort to establish the use- 
fulness of control equipment and to show in terms 
of _— and cents the economic use of a con- 
troller. 


(2) Design of an Automatic Controller: To 
illustrate the relative simplicity of modern con- 
trollers, the second subject deals with the step by 
step design of a pneumatic-type controller. The 
= steps are shown on the demonstration 
panel. 


(3) Application of a Controller to a Process: 
To demonstrate the principles of controller appli- 
cation, the process on the panel is revised in sev- 
eral steps to show the effect of good and poor in- 
strument application. 

*Instrumentation Engineer, Eastman Kodak Co., Rochester, N. Y. 
Author’s Note: Grateful acknowledgement is made to John H. 


Kowalski for his fine cooperation in the construction of the demonstra- 
tion equipment shown throughout this text. 
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JUSTIFICATION FOR AUTOMATIC 
CONTROL 


For the purpose of illustration iet us consider 
a problem encountered in the design of a typical 
industrial process. Although this process is ficti- 
tious, the difficulties and subsequent remedies 
found in this problem are common to many control 
installations. We shall call this phase of our 
discussion “Problem X.” 


To add a touch of realism to the problem, it is 
related in the words of an inexperienced user of 
instruments. His reactions to the successive com- 
plications encountered can be considered as typi- 
cal of those of the uniformed owner or superin- 
tendent who has undertaken a program of 
instrumentation. 


Problem “X”: 


“For twenty years I have owned and operated 
a small company engaged in the manufacture of 
a high-grade chemical compound. Over the past 
decade our production methods followed the typi- 
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eal ‘batch process’ plan. The procedure was: 
first, mix together several dry ingredients, add a 
given quantity of water, heat the mass, and stir 
until the mixture reached the proper consistency. 
The mixture was then placed in large pans and 
taken into spacious drying rooms for curing. A 
series of steam coils arranged around the drying 
rooms maintained a fairly constant temperature 
of 100 F; 24 hours later the compound was prop- 
erly dried or ‘cured’ and could be placed in small 
cans for shipment. The selling price for each can 
was one dollar. 

“Due to a gradual increase in sales, we were 
finally faced with the problems of tripling our out- 
put, if we wished to retain our old customers. A 
rough survey showed us that the bottleneck in our 
production line was the drying room operation. 
To provide adequate drying room space we would 
be forced to buy adjoining property at an exces- 
sively high cost and, since our company had a 
limited source of capital, we could not afford such 
an expediture. 

“T then called in our mechanical engineer and 
explained to him that in order to increase our 
drying capacity, yet keep within the space limita- 
tions of our property, we must design a new ma- 
chine to continuously dry our product—not in 24 
hours, but in two hours. Our design began along 
somewhat conventional lines. (Refer to Fig. 1— 
Problem X) 

“First we planned an upper floor level and a 
battery of kettles to perform the mixing opera- 
tion. As each batch was completed, the wet mix- 
ture would be discharged into a constant-rate 
feeding device. By this means we could obtain 
a constant flow of compound into the machine 
regardless of the number of kettles in operation. 

“The new drying machine was to consist of a 
long belt conveyor surrounded by a drying cabi- 
net. The wet mixture would feed on the belt in 
a thin layer to permit rapid drying. Heated air 
for the drying cabinet would be provided by draw- 
ing on outdoor air, passing it through a pipe coil 
steam heater, thence into a plenum chamber run- 
ning the full length of the drying cabinet. A series 
of nozzles in the bottom of the plenum would di- 
rect the heated air over the product. 


“As the product left the drying machine it 
would fall into a canning machine and there be 
automatically placed in cans, ready for market. 
Our new production schedule called for an output 
from the machine of ten cans per minute. In 
other words, the new production rate would be $10 
per minute. 


“We then made a preliminary estimate of the 
cost of the machine. To our amazement we found 
that the machine must be 300 feet long to accom- 
plish the drying in two hours, and furthermore, 
because special corrosion resistant materials were 
required throughout the machine, the cost of the 
machine would be $300,000. This sum repre- 
sented a great outlay of capital for a small com- 
pany ; and if we were to justify such expense, the 
a must operate at top efficiency 24 hours 

ay. 

“At this point we felt that numerous savings 
could be made by using salvaged materials in the 
construction of the machine. For instance, in 
selecting the heater for the outdoor air, we de- 
cided to use a 2 inch pipe coil unit which was on 
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hand. Although this heater was fairly bulky, we 
managed to fit it into the allotted space. 

“The steam supply pipe to the heater was cal- 
culated to be a 6 inch line, if the friction drop was 
to be held toa minimum. Since we had a quantity 
of 4 inch pipe on hand, we chose to take greater 
pressure drop in the line to avoid buying new pipe. 

“Now came the matter of controlling the flow 
of steam to the heater by some form of throttling 
valve and temperature-regulating device. Review- 
ing our experience with temperature control in 
the old drying rooms, we felt that the new ma- 
chine could be easily controlled. 

“Back in the old days, the steam flow to the 
drying rooms was hand controlled. If the tem- 
perature rose one degree, the operator merely shut 
off the hand valve and the temperature would 
gradually drop. If more heat was required, the 
operator opened the valve and the temperature 
would slowly rise. To eliminate this hand opera- 
tion, we installed a simple pneumatic type record- 
ing controller to open and close a diaphram op- 
erated valve. This equipment maintained the 
drying temperature within plus or minus one 
degree of the desired 100 F and gave us trouble- 
free service for many years. 

“It so happened that we had a spare diaphragm 
valve from one of the old rooms, and while it ap- 
peared a little oversize, we decided to use it on the 
new machine to save the cost of a new valve. The 
valve, six inches in size, was then installed in the 
4 inch steam line. 

“Then came the selection of the controller. If 
the little gadget, bearing the name AA Controller, 
had done such a fine job in the old rooms, why not 
buy one for the new machine? With this thought 
in mind I contacted the local salesman of the AA 
Controller Company and explained to him that we 
needed another controller for a new machine. 

“His first question was, ‘Can you tell me some- 
thing about the operation of this machine?’ My 
answer was, ‘No, definitely not. This is a secret 
process and I cannot afford to let competition 
learn of our production methods. Just place an 
order for the same type recording controller we 
are now using. Our experience shows that it 
should do a good job.’ 

“He seemed reluctant to accept the order with- 
out further knowledge of the machine, but upon 
my continued insistence, finally entered the order 
for one AA Controller. 


“Some months later our machine was com- 
pleted. Then came the final planning for the 
operating procedure to be followed. From our 
years of experience in drying the compound, we 
knew that the final drying temperature must never 
exceed 102 F or the product would be too dry and 
cause a very objectionable dust. On the other 
hand, if the final temperature dropped below 98 
F, the compound would be too moist and likely to 
cake in the cans. Our very exacting customers 
would promptly return the product if either of 
these conditions existed. Our temperature con- 
trol band was therefore plus or minus 2 F. 

“The great day of start-up arrived. Turning 
on the motors, the steam, and starting the first 
batch of material into the new machine, we sta- 
tioned ourselves at the recording controller to 
watch the temperature record. To our utter dis- 
appointment, the recording pen traced a continu- 
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Fig. 1—Problem “X” 


ry 
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ous cycle, first ten degrees above the control point, 
then ten degrees below. (Refer to Fig. 1, Part 
(a)) 

“We found that during one part of this cycle we 
were producing ten cans which were acceptable 
and in the following portion of the cycle we were 
throwing away ten cans because they were either 
over dried or under dried. In other words, our 
machine was producing only 50 per cent of its 
total capacity because we were first producing 
ten cans, then throwing ten away. After operat- 
ing a few hours under these conditions, we decided 
to shut down because it was too costly to operate 
on such a basis. 

“I immediately phoned my friend, the AA Con- 
troller salesman, and told him of our difficulties. 
Reluctantly I explained that we were trying to 
maintain a final temperature at the leaving end of 
a drying cabinet and that heated air, regulated 
by a throttling steam valve, was directed over the 
product as it rode through the cabinet on a con- 
veyor. The final drying condition depended, 
therefore, upon the temperature at the leaving 
end of the cabinet. 

“My friend came back with this answer: ‘The 
old drying rooms were easy to control because the 
small amount of heat added to a large space caused 
the temperature to change only slightly. The 
“on-off” device, known as our AA Controller, was 
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ideal for such application. In your new machine, 
however, a small quantity of steam admitted to 
the heater will cause the temperature to rise rap- 
idly... He went on to explain that our process 
required a proportional type controller and that 
he could furnish such a device in a relatively short 
time because of a surplus of that type at the fac- 
tory. My reply was ‘Ship it at fast as possible 
so we can get back into production.’ 

“A few weeks later we received the controller 
and immediately installed it. We were again 
ready to start the machine. Since this black box 
was considerably different from the older type, | 
called my friend on the phone for instructions as 
to its operation. Here is what he told me: ‘Open 
the front of the case and inside you will find a 
knob. As you experience the cyclic condition, turn 
the knob to the right until the cycle disappears. 
Following his advice we turned the knob to the 
right and sure enough the cycle gradually dimin- 
ished and the process became stable. (Refer to 
Fig. 1—Part (b)) 

“Everything went along fine for about four 
hours. At that time we had a breakdown of the 
feeding mechanism at the ‘feed-in’ of the drying 
machine. Investigating this trouble we found that 
the feeding mechanism was plugged by some of 
the compound lodged around the screw feed 
blades. We decided the best remedy would be to 
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shut down the feeding mechanism every two 
hours, flush it down with a hose and start up 


again. 

“The flushing procedure required five minutes. 
On the first wash-down operation we found to our 
amazement that as soon as the feeding mechanism 
was shut down and the rest of the drying machine 
allowed to run, the temperature crept up far be- 
yond our desired control point. When the feed- 
ing mechanism was again started, the tempera- 
ture gradually dropped back to the control point. 
During the five-minute washing period we lost 50 
cans. (Refer to Fig. 1—Part (b)) 

“Analyzing this condition, we reasoned that the 
drying load was decreased during the time the 
feeding mechanism was being cleaned. It was 
necessary, therefore, that the steam valve should 
be throttled down to compensate for the decreased 
load. As the load crept back to normal after the 
wash-down, the valve should be repositioned to the 
original flow of steam. In other words, a change 
in load on this system caused a shift from the con- 
trol point. 

“Again I telephoned my salesman friend and 
explained our latest trouble. His answer was this: 
‘Yes, to compensate the load change you will need 
an auxiliary device called automatic reset which 
can be installed in your present instrument.’ The 
term automatic reset meant little to me. My one 
great desire was to operate the machine at maxi- 
mum efficiency regardiess of the terminology ap- 
plied to controller parts. Each bump in tempera- 
ture just experienced cost us $50 in lost product, 
hence I felt that an auxiliary device was certainly 
justified. I, therefore, directed the salesman to 
rush this new ‘gadget’ to us. 

“The new piece of equipment was promptly de- 
livered and we proceeded to install it in our exist- 
ing controller case. Now how do we operate this 
new device? Calling my friend on the telephone 
once more for instructions, he explained that by 
opening the case I would find a second knob. To 
get best results I should turn the first knob a little 
further to the right and then adjust the second 
knob until the temperature bump was reduced. 

“True enough, by adjusting both knobs we 
found that we could reduce the bump until the loss 
amounted to 20 cans for every wash-up period. 
Our loss was then $20 every two hours and re- 
gardless of the adjustments we made with the two 
knobs we could not reduce it further. 
Fig. 1—Part (c)) 

_ “Once again I calied my friend and asked him 
if there was any way we could speed up the return 
to the control point. His answer was, ‘Yes, we 
can sell you a third and final device that will cause 
a rapid return. This device we call rate response 
or derivative action.’ Naturally I was confused by 
this terminology ; but if this device would increase 
the efficiency of my machine, he could sell me any- 
thing in the catalog regardless of its name. 

; “In the course of a week we installed the third 
»-dget’ in our controller, and I called my friend 
for further instructions. 


_ “First, he summarized the various control ad- 
justments in the instrument. Knob No. 1 per- 
mitted adjustment of the throttling range or pro- 
portional band to produce stability; knob No. 2 
provided for the adjustment of automatic reset 
rate; and the last addition, knob No. 3, allowed us 
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to adjust the amount of rate response. He told 
me to turn knob No. 1 slightly to the left, turn the 
second knob a bit to the right, and finally adjust 
the third knob until we reduced the bump in tem- 
perature to a minimum. Following his instruc- 
tions we made these adjustments and thereby re- 
duced our loss to five cans every two hours. 
(Refer to Fig. 1—Part (d)) 

“Perhaps I should have been satisfied with this 
loss; but when I considered $5 every two hours 
based on a 24 hour production schedule amounted 
to $60 per day, I felt that we were still losing 
money unnecessarily. By this time I was a bit 
peeved at my salesman friend since he had sold 
me every possible extra and we were still losing 
product. Calling him on the phone once more I 
expressed my thoughts quite pointedly. 

“His answer was this: ‘It appears that your 
machine is unusually difficult to control and I am 
unable to help you further. If you will allow one 
of our factory engineers to inspect your machine 
I feel that he may make recommendations that 
will be helpful. At least, it is worth a try.’ I 
thereupon agreed to let the engineer see our 
equipment, and the necessary arrangements were 
made for his inspection trip. 

““A week or two later the factory engineer ap- 
peared, and I proceeded to show him the machine. 
First of all, he inspected the air heater, made a 
few rough calculations and asked me about drying 
rates ,amount of moisture removed, etc. Next, he 
examined the diaphragm valve and smiled broadly 
when he saw it was such an old type. He then in- 
spected our steam supply line feeding the valve 
and again made a few calculations. Next, he in- 
spected the thermal system of our instrument. 

“We then sat down to talk over the problem. 

“His explanation ran as follows: ‘It is unfor- 
tunate that your air heater is of the pipe coil type 
and is 50 per cent oversize for this job. The 
amount of metal contained in the heater pipes is 
objectionable from the standpoint of good control. 
The excess metal acts as a storage space for heat, 
and will tend to cause overshooting when the con- 
trol valve has cut off the supply of steam. This 
type heater offers a serious time lag in the trans- 
fer of heat from the steam to the surrounding air. 

“ ‘Because of the thermal lag of the heater,’ the 
factory engineer went on to explain, ‘plus the time 
required for the heated air to reach the thermal 
bulb of the instrument, it was necessary for you to 
use a proportional type controller. The throttling 


‘range, or sensitivity of the instrument, was 


altered until the system became stable in opera- 
tion. 

“*There are four things wrong with your con- 
trol valve. First, it is oversized and you will find 
that when the valve is but halfway open it is de- 
livering all the steam needed for your job. You 
are using only half of the available stroke of the 
valve. 

“ ‘Second, the diaphragm top of this valve con- 
sists of a piece of sheet rubber; and the force re- 
quired to move it when at its extreme upward 
position, or extreme downward position is appre- 
ciably greater than that at the center of travel. 
Such a condition produces uneven performance 
throughout the stroke. This could be improved 
by the use of a molded type diaphragm allowing 
greater flexibility throughout its movement. 
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“Third, the design of the plug and seat are of 
the bevel disc type. You will find that its rate of 
flow versus travel characteristic varies greatly 
over the range from the “nearly closed” position 
to the “nearly open.” This variance of flow char- 
acteristic is detrimental to consistent and stable 
control. A valve of the “V” port design is re- 
quired on this job. 


“ ‘Fourth, the frictional forces in this valve are 
excessive. The accumulation of the diaphragm 
hysteresis, spring hysteresis, and friction at the 
stuffing box undoubtedly produce a 5 per cent 
dead spot in the action of your valve. That is, 
there is a band of 5 per cent or more in which the 
valve stays at rest until sufficient air pressure is 
added to break it away from that position. It may 
also overshoot in the other direction when it 
breaks free. By installing a valve postioner you 
can easily overcome these frictional forces. 


“ ‘Another serious defect in your system is that 
the ste2m supply line is too small. The frictional 
resistance in this pipe when working at full load 
does more to govern the flow of steam than does 
your valve. In other words, there is so much fric- 
tion in the line that the valve can move appreciably 
and yet barely change the flow rate of steam. 


“*The thermal system you are using is an ex- 
tremely old type and it has poor response to tem- 
perature changes. It is known as a gas-filled sys- 
tem ; and because of the need for a large volume of 
gas at high pressure, the bulb was made very large 
and heavy. Consequently, it is slow to respond 
to temperature changes of the surrounding air. 
You need a capillary-type bulb either liquid-filled 
or vapor-actuated to obtain rapid response to 
temperature changes.’ 


“He then summarized the changes we must 
make to obtain the quality of control demanded 
by our drying process. These were: 

(1) Install a new heater of proper size and of 
the finned-tube type to provide rapid heat trans- 
fer and low thermal storage capacity. 

(2) Replace the 6 inch diphragm valve with a 4 
inch ‘V’ port valve of a modern design and 
equipped with a positioner. 

“ (3) Replace the 4 inch steam line,with a 6 inch 
ine. 

(4) Replace the old style thermal element with 
a capillary-type bulb. 


“He went on to explain that as soon as these 
changes were made he would return to make the 
final adjustment of the instrument. 


“Hopeful that we could eliminate the loss of $5 
each wash-up period, or a daily loss of $60, I de- 
cided to make the recommended changes. Some- 
time later we shut down the machine for a week’s 
time and installed the proper heater, steam line, 
etc. The cost of this work came to $6,000 plus 
the loss of one week’s production. 

“When the work was completed I called the 
engineer back to our plant, and he proceeded to 
make the final instrument settings. With a few 
minor adjustments our system came into control 
and the temperature was held to within the de- 
sired control band regardless of the load change 
imposed during our wash-down period. (Refer to 
Fig. 1—Part (e)) 

“In other words, we could now produce con- 
tinuously for 24 hours a day without losing a 
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single can. The justification for having good con.” 
troller as well as a properly designed system y 
clearly borne out by the results of this investiga.” 
tion. + 
“Considering that I had a machine costi 
$300,000 plus another $6,000 for changes I y 
surprised when I found that the cost of the aye 
tomatic controller and its related piping was only 
$2,000. This $2,000 was a very small portion of ~ 
the total expenditure of $306,000, yet it was a most” 
vital item in making the machine function in top” 
efficiency. ; 
“The economics of automatic control are q ite 
apparent when summarized in this manner.’ 


Thus, the typical account of a user of instru 
ments is concluded. His summation regarding” 
the proper control application and the overall e¢ 
of the installation has undoubtedly been dupli-” 
cated in scores of reports describing the conver.” 
sion from the “batch” process to a “continuoumag 
process. 


It may be interesting to note that the disturtil 
ance caused during the wash-up period in the 
problem was only one of several possible ] 
changes. For instance, the outdoor air fed to 
steam coil could change in temperature from time 
to time. In the daytime it may be entering a 65 
but during the night may drop to 45 F. The con. 
troller must catch this change and correct the flow” 
through the steam valve to compensate for the 
load change. 


It could be possible that during the night s 
the operator in charge of the mixing kettles added ~ 
more water by mistake to one mix and let it flow 
down to the drying machine. Since the mixture” 
contained more water than normal, more steam 
would be required to dry the compound. Aaa 
the little black box must cause the steam valve tf 
open further to correct for this load change. 7 

If the constant feeding device should develo 
excessive friction from time to time, it wo “| 
cause a change in flow rate to the machine thus” 
constituting a load change. In a similar manner ~ 
the speed of the conveyor belt through the dryini 3 
compartment may vary and another load change” 
would be imposed on the control system. * 

It is possible, too, that the pressure of the steam 
supplied to the control valve could change. Dut 
ing the day all departments are operating, and th ; 
steam pressure would be 3 pounds At night) 
many of the departments shut down, and th £4 
steam pressure would then rise to 5 pounds. The™ 
flow through the valve would be increased above! sf 
normal, and another load change requiring com 
pensation would be added to the duties of the li : 
black box. 3 

Adding the load changes, beginning with the 
first and major change, the wash- down period, we” 
can count six variables or load changes that must ™ 
be handled by the controller. Should any of these 4 
variables become great it would be advisable 
install additional controls such as a pressure rege 
ulator for the steam line, a preheating control for. 
the incoming air, etc. 4 

Thus, having established that automatic control” 
is economically justified, let us proceed to consider” 
the second subject corcerning the design of al” 
automatic controller. ; 

(To be continued next month) 
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Ralph R. Batcher* 


Editor’s Note: This article is an introduction to a regular feature. 


N SPITE of rather serious opposition, the role 

of electronics in the field of industrial control 

is expanding rapidly. Introduced more than two 

decades ago by rather spectacular stunts in the 

line of door openers and other photo-electric con- 

trol applications, it is now indispensible in nearly 
all fields of application. 


Why? 


Electron tube systems have been unchallenged 
for many years in the field of measurements and 
in this field hundreds of new principles have been 
studied and utilized when problems of any kind 
have been analyzed using electronic methods. 


From measurements, there is but a short step to . 


control. The arguments advanced against elec- 
tronic methods have been many: unreliability, 
coiplexity, unreliability, high cost, unreliability, 
etc. It is strange that unreliability creeps into the 
arguments so much. During the “thirties” many 
ingenious and spectacular stunts were publicized 
using radio tubes and radio parts. While most of 
these were snort lived, there were many important 
serious applications being worked into everyday 
service. The equipment, generally well engineered 
and well built, showed what could be done. Then 
came war and electronic methods permitted many 
elaborate problems to be accomplished. At this 
time it was found that more and more dependence 
had to be placed on electronic aids. The limiting 
factor of instrumentation and automatic control 
was found to be man’s ability to think quickly and 
logically when a mass of information was thrown 
at him at one time. 


Electronic devices were necessary to augment 
these limitations, and extremely complex arrange- 
ments of simple circuits frequently resulted. The 
equipment absorbed cold facts, weighed their 
significance, and set up controlling means depend- 
ent on the resulting “decision.” 


As time goes on more and more instantaneous 
decisions must be made by machines, based on 
the combinations of many factors or contributing 
effects. 


Rapid expansion of military problems brought 
about control systems containing literally thou- 
sands of tubes. The spectacular results from 
radar, loran, proximity fuzes, and automatic 
search and guidance systems brought about a 
rapid advancement of electronic methods. 


Because of their immediate “induction into ser- 
vice” the designs of many of these systems never 
reached a mature, engineered stage. They were 


*Chief Engineer, Radio-Eleetronics-Television Mfrs. Association. 
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pushed out of the picture by more ingenious and 
more elaborate systems that would do even more, 


However, stock-taking during the past few years 
has permitted an evaluation of all electronic meth- 
ods, and sound engineering is catching up. 


The control of industrial processes reaps great 
benefits from these military developments. Re. 
liability has become the keyword of electronic 





engineering now, and many studies are underway | 


involving field studies and the evaluation and cor- 
rection of troubles. 


There are hundreds of books on electronic theo- 
ries and principles that are of interest to equip- 
ment “designers”. It is to be regretted that prac- 
tically all of these books start with formulas and 
block diagrams and end with circuit diagrams and 
descriptions of the theories involved. They do 
not go on and show how to effect good designs, 
such as selecting components and establishing the 
voltages and currents that will give trouble-free 
operation. 


In technical periodicals the articles on electronic 
matters too often make much ado over the mathe- 
matical solutions of the circuit details and entirely 
neglect details of how to design, or how to assem- 
ble, install, and maintain equipment in a manner 
that would insure years of satisfactory operation. 


Well-designed electronic apparatus is not inex- 
pensive. There was once (and still is, in some 
plants) an era where home-constructed equipment 
was the rule rather than the exception. In assem- 
bling such apparatus, it seemed that the best talent 
generally available was the radio amateur—well 
versed in tube circuit designs but prone to “touch- 
ing up” the circuits to get greatest efficiency out 
of each item. A two-tube circuit, therefore, would 
sometimes be adjusted to give the results usually 
requiring five tubes, by getting each component 
precisely set. Operation might be fine for a week 
or so but then the edge wears off, and the effic- 
iency drops to an unusable level. The five-tube 
circuit, where no function reached anywhere near 
the limit of its capability, might have given years 
of service even though many more tubes and com- 
ponents were used! 


The electronics industry is spending much each 
year in studying capabilities of all common com- 
ponents and establishing standards for both phy- 


_sical dimensions and the characteristics under 


various operating conditions. The principles of 
good design are being widely publicized. Inves- 
tigation has shown that each decade sees new 
faces in the ranks of equipment designers. The 
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newcomers, usually well-versed in theories, are 
able to set up a circuit to do practically anything 
within reason, with some unreasonable problems 
thrown in for good measure. However, they are 
not always eperienced in making circuits trust- 
vorthy and for a number of years, until exper- 
ience has been gained, are apt to repeat the mis- 
takes of designers of previous years. 


Military agencies have established many joint 
programs aimed at analyzing failures and sug- 
gesting design improvements. Manufacturers 
and industry as a whole gain much from these 
studies, since the control of industrial processes is 
not much different from problems arising in mili- 
tary applications. Vibration, dust, moisture, high 
temperatures, and other hazards exist in both 
fields. 


The pertinent information relating to the re- 
liability of many military devices, much of it ab- 
stracted from classified reports, is being culled for 
the basic design and maintenance rules. 


All of this benefits industry, therefore, since the 
rules are the same. A problem exists in getting 
the information to designers, so that reliability 
can be engineered into the circuitry, in the result- 
ing assembled equipment, in installation methods 
and in the maintenance procedures. 


In the hope that this will become generally 
available to all designers, the editors of the ISA 
hope the pages of the Journal will endeavor to 
print information leading to equipment reliability. 


Quite possibly, a group should be enlisted under 
the scope of Recommended Practices that would 
cooperate with other groups working on the same 
objectives, so that process controls, and the many 
other applications in manufacturing could benefit. 


Because of the “horizontal” nature of electronic 
methods, information may appear in any of the 
departments in this Journal. 


The ISA Journal will naturally devote space to 
the description of electronic devices that are use- 
ful in control of industrial processes. The prob- 
lem of stability should be a fundamental objective 
in preparation of talks, conference papers, and 
published papers. A start was made at the Buffa- 
lo Conference of ISA with a whole session devoted 
to Electronic Equipment Reliability. 


The wishes of ISA members interested in this 
problem are desired, so that this part of the Jour- 
nal can be a most useful department. 
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MEGACYCLE 
METER 


2.2 mc. tc 400 me. 


Frequency Accuracy + 2% 


The MULTI-PURPOSE 
INSTRUMENT 


© For determining the resonant frequency of 
tuned circuits, antennas, transmission 
lines, by-pass condensers, chokes, coils. 

© For measuring capacitance, inductance, 
Q, mutual inductance. 

© For preliminary tracking and alignment 
of receivers. 

© As an auxiliary signal generator; modu- 
lated or unmodulated. 

® For antenna tuning and transmitter nev- 
tralizing, power off. 

© For locating parasitic circuits and spurious 
resonances. 

© As a low sensitivity receiver for signal 
tracing. 


And Many Other Applications 
FREQUENCY: MODULATION: 
2.2 me. to 400 me.; CW or 120 cycles; or 
seven plug-in coils. externol. 
POWER SUPPLY: DIMENSIONS: 


110-120 volts, 50-60 Power Unit: 5Ye" wide; 
6%" high; 7" deep. 
Oscillator Unit: 3m 
diometer; 2" deep. 


cycles; 20 wotts. 


Write for Literature 
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This booklet unfolds the complete story of 
the recording potentiometer that has been 
acclaimed by instrument men everywhere for 
its unequalled versatility, accuracy, long- 
term dependability, and its unit design which 
makes servicing so simple and quick. 

With fewer components . . . with all assem- 
blies greatly simplified and quickly inter- 
changeable . . . with all adjustments includ- 
ing range changes made quickly on the line 
... with new ruggedness to withstand vibra- 
tion, shock and usual plant abuse .. . it 
has set new standards for sustained accu- 
racy, and for economy in servicing and 
maintenance. 
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Recording — 
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or your copy! 


This new WESTON Simplified Recording 
Potentiometer can be used to measure and 
record temperature, d-c current, d-c voltage, 
resistance, a-c voltage, a-c current, speed, 
speed ratio, power, frequency, hydrogen ion 
(pH), light intensity or any other quantity 
that can be converted into electrical values. 
The whole story is available in this booklet. 
Send coupon for your copy today. WESTON 
Electrical Instrument Corporation, 614 Fre- 
linghuysen Avenue, Newark 5, New Jersey. 


WESTON ELECTRICAL INSTRUMENT CORPORATION 
614 Frelinghuysen Avenue 
Newark 5, New Jersey 


Send a copy of the booklet describing the WESTON Simplified 
Recording Potentiometer to: 
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HIGH QUALITY PAPERS DELIVERED 
AT SIXTH NUCLEONICS AND 
MEDICINE CONFERENCE 


HE Sixth Annual Conference on Electronic 

Instrumentation and Nucleonics in Medicine 
was held in New York City on November 19th and 
20th. Over 200 registrants attended the meet- 
ings which were under the joint sponsorship of 
the American Institute of Electrical Engineers, 
the Institute of Radio Engineers, and the Instru- 
ment Society of America. 


The session on diagnostic devices included a 
very stimulating paper by Dr. Douglas Mowry on 
the application of ultrasonic waves to the visuali- 
zation of normal soft tissue structures and disease 
processes. Dr. G. L. Brownell reported on recent 
advances in the application of positron emitting 
isotopes to the localization of brain tumors. 


The high quality of the papers presented on X- 
rays, cineradiography, biochemical instrumenta- 
tion, analog computers in biology, and other spec- 
ialized techniques contributed in making this con- 
ference one of the most successful in the series. 
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REPORT ON 
FREQUENCY-RESPONSE SYMPOSIUM 


HE American Society of Mechanical Engi- 

neers held a very successful Frequency-Re- 
sponse Symposium in New York City on Decem- 
ber 1 and 2, 1953. It was organized by the Dynam- 
ic Systems Committee of the Instruments and 
Regulators Division, under the chairmanship of 
Dr. Rufus Oldenburger, of the Woodward Gover- 
nor Company. The papers, which were on a high 
technical level, attempted to cover the major 
aspects of the analysis and design of automatic 
control systems by using sinusoidal input signals 
of fixed amplitude and a range of discrete fre- 
quencies. A distinct international flavor resulted 
from the presence of nine authors from England, 
France, Germany, Holland, and Sweden. Several 
of the signal generators used in this country for 
frequency response tests were available for dem- 
onstration. 


All these papers are available in a volume ob- 
tainable for $5.00 from Publications-Sales Depart- 
ment, American Society of Mechanical Engineers, 
29 West 39th Street, New York 18, New York. 

HLM 


GROUP ATTENDING ISA MEETING FOR INTERNATIONAL SHOW 


N organization meeting of the First Interna- 

tional Instrument Congress and Exposition 
sponsored by the Instrument Society of America 
was held in conjunction with Co-operating So- 
cieties in Philadelphia on October 21, 1953. 


Plans were discussed for scientific and technical 
sessions, and the Instrument Exhibit to be held in 
Commercial Museum and Convention Hall in Phil- 
adelphia, Pa. from September 13 to September 24, 
1954. 











Reading left to right—Front Row: D. C. Little, Vice President, Technical Division, ISA: John Koch, General Chairman, 
ocal ISA Host Committee; E. A. Adler, President, Philadelphia Section, ISA; J. C. Peters, Chairman, Intersociety Rela- 
tions Committee, ISA; Will Copp, IRE Representative; W. E. Belcher, Jr., Representative, Instruments & Regulators Di- 


Vision, ASME. 


Center Row: J. M. Clark. ASME Staff; P. V. Jones, Society Manager, ISA; D. B. MacDougall, Assistant Meetings Manager, 
ASME; Ralph E. Green, Representative, SAMA; A. O. Bergholm, Representative, SESA. 

Top Row: T. Vorburger, Exhibit Manager, AIP; P. H. Miller, Jr., Representative, AIP; E. J. Grace, Chairman, ISA Na- 
tional Meetings and Exhibits Committee; R. R. Proctor, General Chairman, Chicago Host Committee; Richard Rimbach, 
Managing Director, First International Instrument Congress& Exposition; H. K. Alber, Microchemical Symposium; C. W. 


Eigenbrot, Chairman, ISA Pulic Relations Committee. 
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MEET YOUR f 


William A. Wildhack, President of ISA, is Chief of the 
Office of Basic Instrumentation, National Bureau of Stand- 


ards. He received his B.S. in Electrical Engineering (1931) 
and an M.S. in Physics 
(1932) at the University 
of Colorado and taught 
Physics and Mathematics 
at the University, at Boise 
Junior College and at 
George Washington Uni- 
versity. He has been with 


the Bureau of Standards 
since 1935 working in the 
fields of Aeronautical, Me- 
chanical, and Electronic 
instrumen‘s. As a mem- 
ber of Mechanical Instru- 
ment Section, he developed 
design formulas for corru- 
gated diaphragms, widely 
used in pressure-measur- 
ing instruments, and con- 
tributed extensively to the 
development of oxygen 
equipment for high alti- 
tude flight. He has invented a number of devices relating 
to liquid oxygen equipment, respiratory apparatus, dynamic 
measurement of flow and temperature, and electrical 
gaging. 


Mr. Wildhack has had numerous papers published in 
scientific periodicals in the fields of instrumentation, elec- 
trical polarization, stellar energy, parachuting, and fluid 
flow. His professional activities include serving as Chair- 
man of the Committee on Scientific Equipment of the Na- 
tional Research Council, and Associate Editor of the Review 
of Scientific Instruments. 





W. A. Wildhack 


First Vice President, Warren H. Brand, began his associa- 
tion with the Instrument Society of America by attending 
After 


meetings of the New Jersey Section in 1946 and 1947. 
leaving the employment 
of Wright Aeronautical 
Corporation in late 1947 to 
join Oak Ridge National 
Laboratory at Oak Ridge, 
Tennessee, he became ac- 
tive in the affairs of the 
Oak Ridge Section. The 
first office held was that 
of National Delegate in 
1948. Later offices held 
were those of section presi- 
dent and executive coun- 
cillor. 


Warren attended New 
York University and Coop- 
er Union College of En- 
gineering, receiving his 
ME from the latter. His 
work with Carbide and Carbon Chemicals Company, which 
operates Oak Ridge National Laboratory for the Atomic 
Energy Commission, has been in the Instrument Depart- 
ment where he serves as a supervising engineer. 


W. H. Brand 
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UIE DUARD 


Robert T. Sheen, Secretary of ISA for the 
years, has been extremely active in the Society. 
1952-1953 he served as Vice President in 
Membership Relations Di- 
vision, and is President- 
elect of the Philadelphia 
Section for 1954. 





next two 
During 
charge of the 


A flying enthusiast, who 


flies his own plane, the 
new Secretary has been 
able to fill numerous 


speaking engagements be- 
fore many ISA Sections 
from coast to coast. 


Bob is a consulting chem- 
ical engineer and presi- 
dent of Milton Roy Com- 
pany, Philadelphia, Pa. 
He received his degree in 
Chemical Engineering 
from Lehigh University. 
Early in his career he was 
associated with Monsanto Chemical Company in Alabama. 





Robert T. Sheen 


In 1932 he became technical director for the W. H. and 
L. D. Betz Company in Philadelphia. Subsequently, with 
his father Milton Roy Sheen, he formed the Milton Roy 
Company and became president in 1947. He is also 
founder and president of Chemical Pump and Equipment 
Corporation of New York City. 


Justus T. (“Judd’’) Vollbrecht, National Treasurer of 
ISA, received his M.E. and E.E. degrees at the University 
of Cincinnati and later did post-graduate work in Business 
Administration at the 
Northwestern University 
School of Commerce. 


In 1930, he founded the 
Economy Equipment Com- 


pany, St. Louis, Mo., as 
agent for leading manu- 
facturers in the _ instru- 


ment and control field. 


From 1938 to the pres- 
ent, he has been President 
of the Energy Control 
Company, with offices in 
New York and Philadel- 
phia. 


Mr. Vollbrecht is a mem- 
ber of the A.S.M.E., Na- 
tional Association of 
Power Engineers, ISA, 
New York Rotary Club, Springdale Golf Club, and Nassau 
Golf Club of Princeton, New Jersey. 





J. T. Vollbrecht 


In addition to his other activities in the engineering 
field, Mr. Vollbrecht is President of “Industrial Marketing 
Associates”, and is also engaged in Boy Scout and civic 
activities in Princeton, New Jersey. 
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Hanson (Hans) B. Freeman, Vice President in charge of 
the General Relations Division, is one of the new 
members of the National Executive Board and lives in St. 
Louis, Missouri. Since 
1943 he has been President 
of Economy Equipment 
Company. In 1924 he was 
an Architectural Engineer, 
having received his degree 
from Washington Univers- 
ity in 1926. Mr. Freeman 
designed the Delmar Sta- 
tion in St. Louis for the 
Wabash Railroad. It is 
one of the more modern 
and attractive railroad sta- 
tions in the St. Louis area. 
Hans was one of the 
leaders in organizing the 
St. Louis Section. In 1945 
he was instrumental in 
uniting the many local in- 
strument societies into the present National Organization. 
Many will remember the “boat ride” as an outstanding 
event of the 1949 ISA Exhibit in St. Louis. Hans was 
Co-Chairman of the committee responsible for this event. 





H. B. Freeman 


Delmas C. Little, the only batchelor on the Executive 
Board, has been assigned to the post of Technical Vice 
President. Mr. Little received a degree in Physics at the 
University of Louisville 
and still teaches this sub- 
ject at his Alma Mater. 
Prior to the War he 
worked for the Great West- 
ern Sugar Company as a 
chemist and for the And- 
rus-Scofield Company, food 
chemists, as chief of main- 
tenance. At the outbreak 
of the war he went with 
Franklin University of Co- 
lumbus, Ohio, as_ radio- 
theory end mathematics 
instructor. In 1943 he 
went to Signal Corps re- 
pair shops at Fort Knox, 
Ky., having’ charge of the 
maintenance of _ special 
equipment. In Nevember 1945, Mr. Little took the job as 
Instrument Engineer for the Army Medical Service Field 
Research Laboratory. Prior to his election to the Executive 
Board, “Del” had been Chairman of the D-4 Testing Com- 
mittee for 3 years. 


D. C. Little 


Axel H. Peterson, the newly-elected Vice President in 
charge of the Operations Division, has been a mem- 
ber of ISA since 1948. He 
is head of Mellon Insti- 
tute’s Department of In- 
strumentation. 


Dr. Peterson received a 
BS. degree in chemistry 
from the University of 
Florida in 1939. He spent 
three years in the U. S. 
Navy as an Electronics 
Officer, and attended the 
Navy Electronics Schools 
at Princeton and M.I.T. 
After the War, he obtained 
aM.S. degree from North- 
Western University and a 
Ph.D. degree from Indiana 
University. Dr. Peterson 
then went to Mellon Insti- 





A. H. Peterson 


January 1954 





tute where he worked on a Fellowship for the instrumenta- 
tion of the synthetic rubber industry, and in January of 
1951 was appointed to his present position. 

Axel has served the National ISA as Chairman of the 
Analysis Instrumentation Committee and has operated the 
Analysis Instrument Clinics held in conjunction with the 
Annual Meeting. Dr. Peterson is also Secretary of the 
Pittsburgh Section. 


Past President Porter Hart, a native of Midland, Michi- 
gan, graduated from Michigan State College, having majored 
in Physics. 

After graduation, he was 
employed by the Dow 
Chemical Company in their 
Physics Laboratory at Mid- 
land. His interest in in- 
struments grew and he 
was eventually transferred 
to Freeport, Texas, where 
he now heads the Dow 
Chemical Instrument De- 
partment. 


Porter is a member of 
the Houston Section hav- 
ing served in many ¢a- 
pacities in that Section’s 
activities. 


To help promote the So- 
ciety’s First International 
Instrument Congress and 
<xposition, Mr. Hart spent six weeks in Europe this sum- 
mer with Exhibit Manager Richard Rimbach. 





Porter Hart 


He holds the unique record of never having missed a 
National ISA meeting of the Council, Executive Board, or 
of any Committee on which he has served. 


Charles W. Covey, the latest addition to the Executive 
Board, is head of the Instrument Engineering Department 
at the new Paducah, Kentucky Plant of Carbide and Carbon 
Chemicals Company. Prior 
to this he was Editor of 
Taylor Technology. 


His interest in instru- 
mentation was acquired 
while employed at the 
K-25 Oak Ridge, Tennessee 
Plant of Carbide and Car- 
bon Chemicals Company. 


In 1942, he served as 
aviation ground school in- 
structor in the Army Air 
Corps CAPT training pro- 
gram at Lincoln Memorial 
University. Prior to this 
he was production inspec- 
tor in a smokeless powder 
plant, a field scout execu- C. W. Covey 
tive for the Boy Scouts of 
America, and a high school mathematics instructor. 





He was graduated from Lincoln Memorial University, 
Harrogate, Tennessee in 1940 with a B.A. degree in chem- 
istry and physics. 


A charter member of both the Oak Ridge and Rochester 
Sections, Charlie was also instrumental in the organization 
of the Paducah Section which he is serving as its first 
President He was appointed Chairman of the National 
Publications Committee in 1952 and 1953 and will serve 
again this year. He was elected to the Executive Board 
by the Board in November, 1953, to serve for one year in 
charge of Society publications. 
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Engineering students receiving instructions in the 
operation of an instrument panel. 





Above: Alumni Memorial Center and Century Tower 


now in the process of construction. Funds were raised 


by the Alumni Association. 


Below: Portion of the Engineering and Industries Build- 
ing completed in 1951. 
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FEATURE OF INDUSTpstRi 


ALPH D. WEBB, Director of Instrumentation | 


of Carbide and Carbon Chemicals Com. 


pany, South Charleston, West Virginia, and q | 


leading ISA member, is sched- 
uled as the keynote speaker at 
the annual banquet to be held in 
connection with the Southeast- 
ern Symposium on Industrial In- 
strumentation. He will speak 
on the “Romance of Instrumen- 
tation.” More than 50 slides 
showing industrial applications 
of instruments in a large plant 
will illustrate his talk. 


Jointly sponsored by the Uni- 3 
versity of Florida College of S@ 
Engineering, Gainesville, Flori- Raiph D. Webb 
da, and the Instrument Society 
of America, this unique Symposium will be held 
February 1-3, 1954 and is concerned with the 
theory, design, manufacture, and use of instru 
ments in the various sciences and technologies, 
Papers will be presented on recent developments 
and new equipment will be demonstrated. 


Visitors will be welcomed to the Conference by 
Joseph Weil, Dean of the College of Engineering. 
David B. Smith, Assistant Director of the Engi 
neering and Industrial Experiment Station will 
preside at the opening session. Succeeding ses 
sions of the Conference will have the following 
presiding officers: Mack Tyner, Associate Profes 
sor of Chemical Engineering; W. H. Beisler, Head 
of the Department of Chemical Enginering ; Porter 
Hart, Dow Chemical Company; and J. E. MacCon- 
ville, Minneapolis-Honeywell Regulator Company. 


The National ISA is cooperating in this Sym 
posium by making available the outstanding 
talents of the following Executive Board members 
who are scheduled to give talks: President, W. A. 
Wildhack, National Bureau of Standards, Wash- 
ington, D. C.; Secretary, Robert T. Sheen, Milton 
Roy Company, Philadelphia, Pa.; Vice President, 
Delmas C. Little, Army Medical Research Labora 
tories, Fort Knox, Kentucky; and Past-President, 
Porter Hart, Dow Chemical Company, Freeport, 
Texas. 


Instrument manufacturers and large users of 
instruments, as well as educators, are well repre 
sented on the program. In addition to the ISA 
speakers previously mentioned, the following mem 
will speak on the phases of instrumentation 
their field of endeavor; William G. Berglund, 
Fischer & Porter; John E. Barker, Taylor Instr& 
ment Companies; E. P. Martinson, Head Profe* 
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sor, Industrial Instrumentation, Florida Univers- 
ity; Admiral A. L. Danis (retired) Research Pro- 
fessor of Aerology, University of Florida; L. D. 
Sibley, Combustion Control Corp.; F. A. Faust, 
The Bristol Company; L. B. Lumpkin, The Bristol 
Company; Harry L. Rash, E. I. duPont de 
Nemours & Company; R. A. Thompson, University 
of Florida; C. W. Bowden, Minneapolis-Honeywell 
Regulator Company; R. R. Gardner, The Buckeye 
Cellulose Corporation; and Robert M. Schneble, 
The Foxboro Company. 


Jack Barker of Taylor Instrument Companies 
is in charge of the Instrument Show where leading 
Instrument manufacturers will display and dem- 
onstrate the latest developments 
in Industrial Instrumentation. 
Expert instrument men will be 
available for consultation. 


Another feature of the session 
will be a tour of the college of 
Engineering and the Engineer- 
ing and Industrial Experiment 
Station facilities and laborator- 
ies. 


R. C. Specht, Professor of Re- 
search Engineering, is Supervis- 
or of this Symposium which is 
one of a series of Conferences 
this year sponsored by the Uni- 
versity in celebration of its rise from one humble 
wooden building in 1853 to a modern 3514 million 
dollar college in 1953. The University now has 
ten colleges, four schools and an extension di- 
vision. The College of Engineering pioneered in 
the liberalizing of engineering education and its 
curricula through conferences and short courses. 
Through its program of research, the University 
aids in the development of the industries of 
Florida ; assists industrial and technical organiza- 
tions in the solution of their mutual problems; 
trains students in research methods; and publish- 
es and disseminates information on the results of 
research and experimentation. 


Prof. R. C. Specht 


All persons interested in Instrumentation are 
cordially invited to attend the various programs. 
The sessions will be of interest to persons in the 
design, maintenance, and use of instruments: to 
Management personnel, and to educators. 


A registration fee of $10 will provide each par- 
ticipant with a banquet ticket and a copy of the 
published bulletin containing all papers presented 
at the Symposium. 


rs 7 


Univesity of Florida Engineering and Industries Build- 
ing where Symposium will be held. 


Above: University of Florida became coeducational in 


1947. Today the school has an enrollment of 9500 
students. 


Below: Entrance to the University of Florida which has 
a faculty of 1300. 




























































AKRON 

Fred J. Hoffee, Timken Roller Bearing 
Co. 

Robert D. Mills, Columbia—Southern 
Chemical Co. 

Charles E. Rogers, The Quaker Oats 
Co. 

Cyrus J. Underwood, Jr., Consolidated 
Engineering Corp. 

Harold T. Zanders, W. M. Wilson Co. 


ATLANTA 
Sam T. Cowan, Transcontinental Gas 
Pipe Line Corp. 


BALTIMORE 

J. Reynold Bloomer, Sr., Army Chemi- 
cal Center. 

Morris S. Chester, Westinghouse Elec- 
tric Corp. 


BLUE RIDGE 

Robert H. Branch, Minneapolis-Honey- 
well Reg. Co. 

Charles A. Long, Poly-Scientific Corp. 


BOSTON 

O. W. Lemke, Manning, Maxwell & 
Moore, Inc. 

Richard Shaw, Jr., Massachusetts In- 
stitute of Technology. 


CALIFORNIA 

William Arthur Barton, Genisco, Inc. 

Tom M. Crump, Eversharp, Inc. 

Joel L. Quinto, Carruthers & Fernan- 
dez, Inc. 

William A. Tikanen, Genisco, Inc. 

Bernard M. Willett, Sandberg-Serrell 
Corp. 

James L. Quinn, Bowser, Inc. 

T. R. Spalding, Capehart-Farnsworth 
Co. 

Paul P. Stockinger, Bendix Prod. Div., 
Bendix Aviation Corp. 


CENTRAL ILLINOIS 

John A. Babcock, Central 
Light Co. 

H. R. Wetenkamp, University of Illi- 
nois. 


CENTRAL NEW YORK 


James E. Naylor, Naylor Electric Co. 


CHARLESTON 

Eugene Estep, E. I. DuPont de Ne- 
mours & Co. 

Carmen U. Karnes, E. I. DuPont de 
Nemours & Co. 

Charles H. McClung, E. I. DuPont de 
Nemours & Co. 

James D. McKeown, Wheelco Instru- 
ment Div. Barber-Coleman Co. 


Illinois 
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CHICAGO 

William V. Edwards, Buick Motors 
Division, General Motors Corp. 

Eugene T. Ehlers, Universal Oil 
Products Co. 

George W. Grant, Peerless Instrument 
Co. 

Robert E. Johnson, Buick Motors Di- 
vision, General Motors Corp. 

Richard G. Klitchman, Buick Motors 
Division, General Motors Corp. 

Jack H. Kohl, Black, Sivalls & Bryson, 
Inc. 

Frank S. Mayka, Buick Motors Divis- 
ion, General Motors Corp. 

Gerald James Reiniche, Buick Jet. 

Samuel P. Richards, Hammond Organ 
Co. 

Marshall G. Rife, Universal Oil Prod- 
ucts Co. 

Elgin Conway Thompson, Philadelphia 
Gear Works, Inc. 

Robert D. Tyrrell, Buick Motors Div., 
General Motors Corp. 

Milo Zupansky, American Television 

Mfg. Corp. 


CLEVELAND 

Chas. L. Carll, Ambos-Jones Co. 

William D. Tibbetts, Westinghouse 
Electric Corp. 


CUMBERLAND 

Raymond Bampton, Celanese Corp. of 
America. 

Clarence R. Brown, A. L. Brown Sign 
Service. 

Richard L. Mohlhenrich, Conrad L. 
Stein & Co., Inc. 


DETROIT 
Saul Rabotnick, Wayne Engineering 
Research Institute. 


EASTERN NEW YORK 

Clarence G. Brisee, Jr., General Elec- 
tric Co. 

Walter A. 
Co. 

Clarence R. Droms, General Electric 
Co. 
Harold Messinger, Knolls Atomic 
Power Lab., General Electric Co. 
Howard T. Robison, General Electric 
Co. 

Robert Louis Simmons, General Elec- 
tric Co. 

Henry C. Smith, Fischer and Porter 
Co. 

EDMONTON 

Edward G. McCourtney,, 
Morton Co., Ltd. 


HOUSTON 


Colliton, General Electric 


Wells H. 


‘Lelland Herman Hall, Moore Products 


Co. 


Wayne T. Stanford, Black, Sivalls & 
Bryson. 

KANSAS CITY 

Richard L. Hart, J. F. Pritchard & Co, 

Charles A. Jurries, The Condit Com. 
pany. 

MILWAUKEE 

Donald C. Fleming, A. C. Spark Plug 
Div. of General Motors Corp. 

Ellsworth Gohlke, Globe Union, Inc. 

Karl W. Hawkins, Nielsen & Fryee, 
Inc. 

MONTREAL 

Claude Bourgeois, McGill University. 

MUSCLE SHOALS 

Hugh A. Enfield, Redstone Arsenal. 


NEW JERSEY 

Charles H. Berry, Kearfott Company, 
Inc. 

Alexander Bors, Jr., Johnson & John- 
son. 

Leland W. Davis, Bakelite Company, 

Charles A. Doak, Thermo Electric Co, 
Inc. 

Niel Irwin Fishman, Barber-Colman 
Co. & Norcross Corp. 

Ralph J. Fittipaldi, Minneapolis-Hon- 

eywell Reg. Co. 


er ea 





Milton Maxwell, Colgate-Palmolive- 
Peet Co. : 
E. C. McGrath, Acragage Corpora- © 


tion. 


Robert E. Mitchell, Scientific Design | 


Co. 
Robert Whinery, Mason-Neilan Regu- 
lator Co. 


NEW YORK 

Walter J. Beagan, G. M. Giannini, Ine. 

Forbes Morse, Electro-Mec Labora- 
tory, Inc. 

Jean-Pierre Savary, Watchmakers of 
Switzerland Information Center, 
Inc. 

Philip Harley Ward, The Swartwout 
Co. 

T. J. Zeller, Chemical Pump & Equip- 
ment Corp. 


NIAGARA FRONTIER 

William C. Ortt, Linde Air Products 
Co. 

OAK RIDGE 

William W. Potter, Carbide and Car- 
bon Chemicals Co. 


PADUCAH 

Vaughn Owen Cook, F. H. McGraw & 
Co. 

Luther C. Fisher, M. W. Kellogg Co. 

Bruce Foster, M. W. Kellogg Co. 

Glenn W. Maley, Jr., M. W. Kellogg 
Co. 

Homer S. McAfee, M. W. Kellogg Co. 
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PANHANDLE 
E. M. Craighead, Phillips Petroleum 


Co. 
R. E. Wightman, Phillips Petroleum 
i «Co. 
PHILADELPHIA 
"John T. Aldrich, Jr., Brooks Rotamet- 
er Co. 
George J. Battiste, United Eng. & 
Constr., Inc. 
Joseph A. McCormick, Day & Zim- 
mermann, Inc. 
Edward F. O’Brien, Naval Shipyard, 
Philadelphia. 
Karl W. Peterson, CDC Control Serv- 
; & ices, Inc. 
George L. Strawn, Riegel Paper Corp. 
John G. Watson, Parker Appliance Co. 
Merlyn F. Wolcott, Firestone Tire & 
Rubber Co. 
PITTSBURGH 
Leonard S. Buchoff, Westinghouse 
lug Elec. & Univ. of Pittsburgh. 
Bernard F. Cowgill, Jones & Laughlin 
a Steel Co. 
ee, Philip J. Freed, Haller, Raymond and 
Brown, Inc. 
' Lewis C. McKinstry, Fischer Scien- 
y. tific Co. 
; M.S. Nolen, Leeds & Northrup Co. 
SABINE-NECHES 
Norman R. Whitaker, Gulf Oil Cor- 


poration. 


SAVANNAH 
n- Joseph Tracy Jennings, E. I. Du Pont 
de Nemours & Co. 
y Gregory Scott Truitt, E. I. Du Pont 
Dey de Nemours & Co. 


n SEATTLE 
John W. Brown, Mason-Neilan Reg- 


1 ulator Co. 
Seth A. Thomas, Johnson Service Co. 


7 TULSA 
’ Floyd M. Bartlett, Bartlett Engineer- 
ing & Equipment Co. 
Thomas F. Casey, Jr., Black, Sivalls & 










Bryson, Inc. 
. TWIN CITIES 
Robert R. Johnson, Student U. of 
Minn. 
. Egons R. Podnieks, University of Min- 
nesota. 
WAYNE COUNTY 


Raymond Brown, H. O. Trerice Co. 
’ Herbert Grandage III, Samuel Moore 
& Co. 


WILMINGTON 

Jewel M. Dauphin, Atlas Powder Co. 

_ B. Gilpin, Hercules Powder 
0. 

William A. Griffis, Jr.. E. I. DuPont 
de Nemours & Co. 

Richard I. Hough, Panellit, Inc. 


MEMBERS AT LARGE 

Jules Denis Banville, Aluminum Co. 
of Canada Ltd. 

Edward J. Brooks, Westinghouse 
Atomic Power Division. 

F. A. Faust, Bristol Co. 

M. L. Hampton, Westinghouse Elec- 
trie Corp. 

Homer W. Parker, International Test- 
ing Service, Division of Jackson 
Church Co. 
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presents 
the New 











IRIMPOT 


Trade Mark 


An adjustable eee 
Sub-miniature 
or precise circuit trimming 


Bourns TRIMPOT is a wire- 
wound potentiometer designed 
for miniaturized equipment 
Adjustments of the 25 turn slotted 
shaft are made with a screw driver. 


# Accurate electrical settings in 

ncrements of % to 2% are easily 
ontrolled and are securely retained 
ithout the use of lock-nuts. 


ibration of 15G at 10-2000 cps 






or a sustained acceleration of 100G 
does not interfere with the dependable 
performance of the TRIMPOT. 


TRIMPOT s can be installed individually or 
in stacked assemblies with two mounting 
screws through the eyelets in the body. 


Bourns designs and manufactures Linear 
Motion, Gage Pressure, Differential Pressure, 
Altitude and Acceleration Potentiometers. 


OURNS LABORATORIES 


6135 Magnolia Ave., Riverside, California 
Technical Bulletin on request, Dept. 182 
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AKRON 

V. J. Horning, 444 Catawba., Akron, 
Ohio 

Fourth Tuesday, Meeting 8:15 P.M. 

ALBUQUERQUE 

A. Richavd Charlton, 1229 Girard 
Blvd., N. E., Albuquerque, New 
M<xico 

Second Thursday, Meeting at 8:00 
P.M. 

ARK-LA-TEX 

Secretary Wm. H. Coates, Minne- 
apolis-Honeywell Reg. Co., 2737 
Linwood Ave., Shreveport, La. 

ARUBA 

M. A. Davidson, P. O. Box 542, 
Lago Oil & Transport Co., Ltd. 
Aruba, N.W.I. 

First Tuesday, 7:30 P.M., Engr’s 
Club. 

ATLANTA 

Roy W. Freeman, 27 Clarendon 
Ave., Avondale Estates, Ga. 

Fourth Monday, Dinner Meeting 
6:30 P.M. CDK Banquet Hall, 
Georgia Tech. 

BALTIMORE 

G. B. Greer, 631 East 36th St., Bal- 
timore 18, Md., Tel: Chesapeake 
6879 

Second Friday, Meeting at 8°30 P.M. 

BATON ROUGE 

Thomas J. Folendore, 1540 Keed 
Avenue, Baton Rouge, La. Tel: 
3-5567 

First Monday, 7 P.M. 

BIRMINGHAM 

W. B. Sanford, 4143 Huntsville 

Ave., Brighton, Ala. 
BLUE RIDGE 

David C. Moore, Box 425B RFD 
No. 4, Roanoke, Va. 

Last Friday, Recreation Hall, Rad- 
ford Arsenal, Radford, Va. 

BOSTON 

Joseph H. Bertram, 233 Harvard St., 
Brookiine 46, Mass. 

Fourth Wednesday, Dinner 6:30 P. 
M. Meeting at 7:30 P.M. 99 Club, 
99 State St., Boston, Mass. 

‘ALIFORNIA 

Robert W. Fulwider, 5225 Wilshire 
Blvd., Los Angeles 36, Calif. 

Second Wednesday, Dinner at 6:30 
P.M. Meeting at 8 P.M. 

CAROLINA PIEDMONT 

Lawrence A. Schafer, c/o E. I. 
DuPont, P. O. Drawer A, Cam- 
den, S. C. 

Second Friday, Dinner at 7:30 P.M. 
Meeting at 8:00 P.M. Coach 
House Restaurant. 

CENTRAL ILLINOIS 

Eric B. Bensing, 1100 Hanssler PI1., 
Peoria, Ill. 

Second Wednesday, 7:30 P.M. 

CENTRAL INDIANA 

J. C. Gruber, 6119 Burlington Ave., 

Indianapolis 20, Ind. 


~ 
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Section Secretaries — 


and 


Meeting Data 


First Tuesday, Dinner at 7:00 P.M. 

Business Meeting at 8:00 P.M. 
CENTRAL KEYSTONE 

Frederick C. Belsak, 17 Hoffer St., 

Steelton, Pa. 
CENTRAL NEW YORK 

Fred Lingel, 712 Summer 
Syracuse, N. Y. 

Third Monday, Dinner at 6 P.M. 
Meeting at 8:00 P.M. 

CENTRAL OHIO VALLEY 

J. C. Dilliner, 813 Winton Ave., Bes- 
pre, Ohio Tel: Belpre 87596 

First Tuesday, Dinner at 7:30 P.M., 
Hi-way Grille, Rt. No. 2 

CHARLESTON 

J. A. Rothwell, 310 24th St., Dun- 
bar, W. Va. 

First Monday, Dinner at 6:15 P.M. 
Meeting at 8:30 Kanawha Airport 
Terminal 

CHICAGO 

Floyd E. Ertsman, Rm. 1420 Fisher 
Bldg., 343 S. Dearborn St., Chica- 
go 4, Ill. Tel: WE 9-0686 

First Monday, Dinner at 6:30 P.M., 
Meeting at 8:00 P.M. Builders 
Club, 228 N. LaSalle St., Chicago, 
Ill. 

CINCINNATI 
Richard E. Surkamp, 7347 Richmond 
Avenue, Cincinati 36, Ohio 

First Monday, Dinner at 6:30 P.M. 
Meeting 8:00 P.M. Engineering 
Soc. of Cinn. 

CLEVELAND 

R. C. Van Hala, % Van Hala Indus- 
trial Co., P. O. Box 2602, Lake- 
wood 7, Ohio 

Second Wednesday, Dinner’ 6:30 
P.M., Meeting at 8:00 P.M. 

COLUMBUS 

J. A. Hamblin, 3549 Karl Rd., Co- 
lumbus, Ohio 

Third Thursday, Meeting at 8:00 P. 
M. Battelle Auditorium. 

CUMBERLAND 

Clyde Babst, 225 Cecelia St., Cum- 
berland, Md. Tel: 583-W 

Fourth Wednesday, Dinner at 6:30 
P.M., Meeting at 8:00 P.M. Ali 
Ghan Shrine Country Club, Balti- 
more Pike. 

EDMONTON 

E. G. McCourtney, c/o Wells H. 
Morton & Co., Ltd., 10251-106 St., 
Edmonton, Alberta, Canada. 

DENVER 

Lloyd Timblin, Jr., 935 Pleasant, 
Boulder, Colo. 

No regular scheduled meeting. U. of 
Denver, Science Bldg. Campus, 

DETROIT 

Philip Hill, Minn.-Honeywell Reg. 
Co., 13631 Plymouth, Detroit 27, 
Mich. 

Third Wednesday, 
P.M. 


Ave., 


Meeting 8:00 


EASTERN NEW YORK 
Robert W. Carter, Sterling-Wi,, 
throp Research Institute, Rengge 
lear, N. Y. Tel. Albany 5-625, 
Ext. 262 
First Tuesday, Meeting at 8:9 
P.M. Siena College, Loudonville 
oF 
FOX RIVER VALLEY 
John R. Redgrave, 109 S. Appleton | 
St., Appleton, Wisc. 
First Tuesday, 8:00 P.M. 
HOUSTON 
A. Costa, 3507 Milam St., Suite 204, | 
Houston, Texas. ) 
Last Monday 8 P.M. U. of Houstoy 
Library. | 
, 
; 





KALAMAZOO VALLEY 
John M. Perry, % Arthur B. Sonne 
born Co., 1322 McKay 
Grand Rapids, Michigaia ' 
Fourth Wednesday, 8:00 P.7A., Din. | 
ner at 6:30 P.M. Meeting at Red } 
Arrow Legion Post. } 
KANSAS CITY 4 
E. J. Bumsted, 4010 Washington, ' 
Kansas City, Missouri : 
First Tuesday, Meeting at 7:30 Pi 
M., U. of Kansas City, Science | 
Bldg., Rm. 106. 
LAKE CHARLES 
W. L. Willoughby, 3508 Louisiana 
Ave., Lake Charles, La. 
First Wednesday after last Monday | 


Tower, 





in month. Columbia Southern | 
Recreation Hall 
LOUISVILLE 


O. Vern Spousta, 2000 S. Brook St, 
Louisville, Ky. 
First Monday, Meeting at 8:00 P.M. 
Seagram Auditorium. 
MILWAUKEE 
D. A. Spitz, Froefert Malting Co, 
38th St. and W. Grant, Milwaukee 
15, Wisconsin. 
No Regular meeting, Milwaukee En- 
gineer Society Blez. 
MONTREAL 
J. R. White, % Canadian Industries 
Ltd., P. O. Box 10, Montreal, Que- 
bec, Canada 
Last Monday of Month, 
8:00 P.M. 
MUSCLE SHOALS 
Frank W. Potter, T.V.A., Wilson 
Dam, Ala. 
First Thursday, Meeting 8:00 P.M, 
TVA Chemical Engineering Bldg. 
NEW JERSEY 
Eliot R. Hill, 1125 Kensington Ave, 
Plainfield, N. J. 
First Tuesday, Meeting 8:00 P.M, 
Essex House Hotel, Newark, N. J. 
NEW YORK 
R. A. Hutcheon, 45-65 196th St, 
Flushing 58, N. Y. Tel: BAyside 
9-5432 
Third Monday, Dinner at 6:00 P.M, 
Meeting at 7:30 P.M., Midston 
House, 38th St. & Madison Ave, 
New York. 
NIAGARA FRONTIER 
Duran L. Hagler, 214 E. Delavan 
Ave., Buffalo, N. Y., Tel: Elm- 
wood 1258 
Fourth Monday, Dinner at 6:00 P.M. 
Meeting at 8:00P.M., N.Y.S. Tech- 
nical Institute. 


Meeting 
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NORTH TEXAS 

R. E. Byers, 6000 Lemmon Ave., 

Dallas 9, Texas 
NORTHEAST TENNESSEE 

S. E. Abernathy, % Equipment Sales 
Corp., 341-345 W. Market St., 
Kingsport, Tenn. 

NORTHERN CALIFORNIA 

George W. Killian, 3718 Ramsey 
Court, El Sobrante, Calif. Tel: 
BEacon 4-0523 

Third Monday, Meeting 8:00 P.M. 

NORTHERN INDIANA 

J. B. Beckman, 7145 Wicker Ave., 
Hammond, Ind. 

Second Tuesday, Meeting at 8:00 
P.M. Whiting Community Center, 
Whitiag, Ind. 

OAK RIDGE 

John F. Potts, 309 W. Vanderbilt 

Dr., Oak Ridge, Tenn. 
OGLETHORPE 

R. A. Coffield, 2219 E. 39th St., 
Savannah, Ga. 

Second Friday. 8 P.M. Reddy Kilo- 
watt Room, Savannah Electric 
and Power Company. 

PADUCAH 

J. B. Russell, Carbide & Carbon 
Chemicals, P.O. Box 748, Paducah, 
Ky. Tel: 5-6311 Ext. 403 

Second Tuesday Dinner at 6:30 P.M. 
Meeting 8:00 P.M. 

PANHANDLE 

Joe Clayton, P.O. Box 322, Phillips, 
Texas 

Third Tuesday, Dinner at 7:30 P.M. 
Phillips Grade School Cafeteria, 
Phillips, Texas. 

PERMIAN BASIN 

W. R. Henry, P.O. Box 1262, Odessa, 
Texas 

Second Tuesday, Dinner at 8 P.M. 
Tel: 2-2813 

PHILADELPHIA 

A. S. Chatfield, % American Meter 
Company, 1513 Race St., Philadel- 
phia 2, Pa. 

Third Wednesday, Elks Club, 1320 
Arch St. Dinner at 6:30 P.M. 
Meeting at 7:30 P.M. 

PITTSBURGH 

Dr. A. H. Peterson, Mellon Institute, 
4400 Fifth Ave., Pittsburgh 13, 
Pa. Ma. 1-1100 

Fourth Monday, Dinner at 6:30 P. 
M., Meeting at 8:00 P.M., Roose- 
velt Hotel 

PRESQUE ISLE 

F. L. Moore, American Meter Co., 
920 Payne Ave., Erie, Pa. 

Fourth Tuesday, 8:00 P.M. 

RICHLAND 

J. R. Plee, 1309 Roberdeau, Rich- 
land, Wash. Tel: 5-8692 

Second Wednesday, 7:30 P.M. 

ROCHESTER 

R. C. Schwarz, Jr., 1201 Granite 
Bldg., Rachester 10, New York 
Tel: Hamilton 1468 

Fourth Tuesday, Meeting 8 P.M. U. 
of R. Bausch & Lomb Physics 
Lecture Room 109. 

SABINE-NECHES 

L. A. Desormeaux, 203 Pine St., 
Port Neches, Texas 

Last Tuesday, Meeting at 7:30 P.M., 
Orange County Court House, 
Orange, Texas 
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SARNIA 
L. J. Hall, 730 Talfourd St., Sarnia, 


Ont., Canada, Tel: Edgewater 
2258 

Fourth Monday 8:00 P.M. YM- 
YWCA 


SAVANNAH RIVER 
F. D. Reed, 516 Goldman St.,. North 
Augusta, South Carolina 
Second Wednesday, Dinner at 7:30 
P.M. North Augusta Legion Post 
SEATTLE 
Frank S. Melder, 2439 76th N. E. 
Bellevue, Washington 
Second Friday, University of Wash- 
ington, Guggenheim Hall 7:30 
P.M. 
SOUTH TEXAS 
Homer C. Givens, P.O. Box 637, 
Falfurrias, Texas Tel: 202 
First Thursday, Engineers Club. 
ST. LOUIS 
W. G. Lee, 4710 Delor St., St. Louis 
16, Mo. Tel: FL8516 
First Wednesday After First Mon- 
day, Meeting at 8 P.M. 
TOLEDO 
Warren G. Myers, 2257 Upton Ave., 
Toledo 6, Ohio 
Third Tuesday, 8 P.M. Edison Ser- 
vice Bldg. W. Delaware Ave. To- 
ledo, Ohio 
TORONTO 
John W. Huether, 311 Sutherland 
Dr., Leaside, Ontario, Canada Tel: 
HU-7114 
Fourth Thursday, Meeting at 8 P.M. 


TULLAHOMA 
Owedia A. Montgomery, ARO, Inc., 
GDF Instrument Branch, AEDC, 
Tullahoma, Tenn. Tel: 636 
Second Tuesday, Meeting at 7:30 
P.M. 
TULSA 
G. R. MecDannold, 1203 E. 130 St., 
Tulsa, Okla. 
First Monday, Meeting at 7:30 P.M. 
TWIN CITIES 
John L. Schmidt, 1879 University 
Ave., St. Paul 4, Minn., Tel: DR- 
0064 
Dinner at 6:30 P.M., Meeting 7:30 
P.M. 
WASHINGTON 
Dr. Alfred Henley, American Instru- 
ment Co., Silver Spring, Md. 
Third Monday, Potomac Electric 
Power Co., Auditorium, 8 P.M. 
WAYNE COUNTY 
Clarence Ellison, 2443 15th St., 
Wyandotte, Mich., Tel: Avenue 
2-4178 
Third Thursday, Casadei’s, 400 S. 
Fort St. Detroit, Mich. 8:00 P.M. 
WICHITA 
J. W. Rieg, Koch Engineering Co., 
123 S. Charles, Wichita 12, Kan. 
Third Thursday, 8 P.M., Scientific 
Bldg. 
WILMINGTON 
W. C. Ruglass, 900 A West 8th St., 
Wilmington, Del. 
Third Tuesday, “Hunt Room”, Hotel 
Rodney, Wilmington, Del., Dinner 
6:30 P. M. Meeting 8 P.M. 


AW FANT LANES SEES 


NOW! 
\ from Stock 








—in a wide variety of designs, 
sizes and materials. 


We will be glad to place your name 
on the list to receive copies of the 
monthly Trinity Thermowell Stock List. 


TRINITY EQUIPMENT 


ON 


CORPORATI 






Request 
your copy 
now. ° 





488 Westfield Ave., East 


Roselle Park, New Jersey 





THERMOWELLS and other Specialties for the Procdss Industries 
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Teamwork Means Success 


A Message To All Local Sections 





The new ISA Journal was initiated 
primarily as a means of disseminat- 
ing information to the membership of 
the Instrument 
As you will observe in this first issue 
magazine, the editorial 
divides itself roughly 
categories — technical 
tion, departmental 
tional and local news. In the majority 
of cases the Society itself makes the 


Society of America. 
of our own 
content into 
three informa- 


features, and na- 


news in all three groups. The major 
publish this 
ISA Journal then resolves itself to 
securing this news from the members, 
putting it into the proper category, 
and editing it for publication. In a 
few words, it takes a little teamwork 
on the part of each member to make 
certain we have a successful publica- 
tion. This teamwork is getting in- 
formation to the editorial staff. To 
maintain a uniformly high quality 
publication, it is necessary that all 
submitted material be checked and 
edited by the National Office editorial 
staff. 


problem to successfully 


The local section executive groups 
should encourage writing and submis- 
sion of technical papers. All papers 
should be discussed with the Technical 
Vice-President or the appropriate 
Technical Committee Chairman. The 
National Office will be glad to answer 
any questions in this regard and refer 
your inquiries to the proper commit- 
tee. Technical papers are accepted 
for both publication and presentation 
upon approval of the Technical Vice- 
President. 


The material included in the de- 
partmental features such as Patent 
Abstracts, Technical Paper Abstracts, 
New Products, Book Reviews, New De- 
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velopments, Shop Lab Notes, etc. are 
contributed by members who are ap- 
These 


pointed as Associate Editors. 


people may be regular monthly con- 


tributors, writing a section for each 
issue of the magazine—or they may 
The ISA 
Office 
welcomes any contribution of interest 
in the field of 


there is a person in your section who 


contribute only occasionally. 


Journal staff in the National 


instrumentation. If 
might qualify as an Associate Editor, 


notify the Office. All ap 
pointments must be approved by the 


National 


Editorial Board. 


The local section news is contributed 
by the Section Correspondent, an ap- 
pointed officer in the local section or- 
ganization who is responsible to see 
that all news of a section’s activities 
and personal notes get to the National 
Office staff. Since the edi- 
torial policy governing content of sec- 


editorial 


tion news cannot be practically estab- 
lished until the general nature of the 
submitted material is known, it is re- 
quested that any and all news be re- 
After 
magazine, the 


several issues of the 
Editorial Board 
evaluate submitted local news material 


ported. 
will 


in relation to other editorial material 


and formulate a basic news policy. 


This policy then can be used as a 


guide in subsequent reporting. 


All sections are urged to discuss, in 
of ISA 
material and 


the near future, the subject 


Journal technical news 
with ine obiective of securing all news- 
worthy material for inclusion in our 
new magazine. A little work by many 
individuals makes a difficult task be- 
come simple. 


Charles W. Covey 
Chairman, Publications Committee 


CHICAGO SECTION 
TO HOLD SYMPOSIUM 


A sympos- 
ium on Meth- 
ods of Instru- 
mental Anal- 
ysis has been 
scheduled by 
the Chicago 
Section of the 
Instrument So- 
ciety of Amer- 
ica, to be giv- 
en on Febru- 
ary 1 and 2, 
1954. 





H. C. Roberts 


Six papers have been scheduled for 
the first of the two days. They deal 
with the principles, methods, and 
equipment used in electro-analysis. On 
the second day, six papers have been 
scheduled on the subject of optical 
analysis. Among the subjects to be 
considered are the measurement of 
pH, of solution conductance, ampero- 
metric analysis and polarography, co- 
lorimetry, and spectrophotometry. It 
is planned that printed copies of the 
material presented will be available 
to all registrants. The regular month- 
ly meeting of the section, on the even- 
ing of Feb. 1, will include an address 
on the subject. 


The symposium is planned for the 
group leader level, and will be of in 
terest to supervisors, to research 
workers, and to group leaders in gen- 
eral. Advance registration may be 
made with either Prof. Howard ©. 
Roberts, 511 W. Washington £ 'reet, 
Urbana, Illinois, or Mr. George Kin- 


caid, c/o Beckman Instruznent Co, 
7145 W. Belmont Averue, Chicago, 
Illinois. 


WILMINGTON SYMPOSIUM 


Mr. G. R. Otto, Chairman of the 
Wilmington Section announces that 
plans are well under way for a Fre- 
quency Response Symposium to be 
held in Wilmington, Delaware, April 
20, 1954. 


The Symposium will be a one day 
affair with a total of four papers 
be presented at the afternoon and 
evening sessions. The meeting is de 
signed to give the audience a practi- 
cal treatment of the rudiments @ 
application of dynamic analysis tech- 
niques. It is felt that this program 
will have special worth in view of to 
day’s rather obscure picture of fre 
quency response as regards instru- 
mentation. 
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ISA MEMBERS TOUR OAK RIDGE 


Members of the Oak Ridge Section 
were hosts to Northeast Tennessee 
members om an unclassified tour of 
Oak Ridge National Laboratory, an 
Atomic Energy Commission research 
laboratory near Oak Ridge, Tennessee. 
Exactly seventy persons participated 
in the tour. The interest in the tour 
was high, as evidenced by the large 
number in attendance and the fact the 
group included members from Atlanta, 
Memphis and Nashville as well as the 
tricity area in Northease Tennessee. 


The tour was conducted in three 
groups by Presideat George Ritscher, 
Warren Brand, and Bill Ladniak, who 
were assisted by various other mem- 
bers from ORNL. The tour included 
the following areas: Graphite Reactor 
—Isotope Area, Solid States Facility, 
and the Instrument Building. 


The Graphite Reactor, the oldest 
operating reactor in the world of mod- 
ern physics, was surveyed in detail 
from top to bottom; and explanations 
were exemplified by the use of a sec- 
tional scale model Reactor. The pri- 
mary purpose of the reactor is to serve 
as a neutron source for experiments 
and to produce isotopes. 


The next visit was to the Isotope 
Processing and Packing area where 
isotopes produced by the reactor are 
chemically separated from the parent 
metal, placed in containers, stored in 
a shielded room, and prepared for ship- 
ment in shielded containers. These 
isotopes are shipped all over the U. S. 
as the Oak Ridge Laboratory is the 
major producer of isotopes for com- 
mercial consumption. Also on the tour 
was the Solid States Facility where 
the effect of radiation on the physical 
Properties of various materials is 
Studied. These properties are deter- 
mined with the aid of machines en- 
closed in lead and concrete shielded 
cubicles. Handling of the materials 
and operation of lathes, mills, hard- 
hess testers, and other necessary ma- 
chines is carried on entirely by remote 
control with the aid of mechanical 
hands, the operator viewing the cub- 
icle through a two foot wall of potas- 
sium bromide solution enclosed in 
glass. 


January 1954 


The climax of the tour was the visit 
to the Instrument Building which 
houses Administrative, Technical, and 
Maintenance personnel in new, well 
designed, anc air conditioned offices, 
laboratories, and shops. Facilities are 
available to carry out every phase of 
instrument work on both electronic 
and mechanical systems, from design 
and development to limited pilot or 


prototype production. Members of the 
tour were impressed at the extensive 
scope and quality of the equipment 
and were able to see nearly all phases 
of the Instrumentation work from new 
models of radiation detection appara- 
tus to a large graphic panel in process 
of fabrication. Participating members 
of the tour expressed intense interest 
and were very grateful for the oppor- 
tunity to view the Laboratory. 


DEPENDABLE 


Instrument 


Operation 


you Must Have 


CLEAN-Dry 


When your problem involves drying air to obtain more 
efficient, dependable instrument operation, the Industrol 
Dynamic Dehumidifier offers you a practical low cost solution. 


Dryers are offered with manual, semi-automatic or fully 
automatic control. Heat regeneration of desiccant is supplied 


by either electricity or steam. 


An Industrol Dynamic Dehumidifier used in conjunction 
with the Industrol Centrisorb Filter is the ideal combination 
to give you the clean, dry air that spells trouble-free 


instrument operation. 


Prove to yourself why more plant operating men are 
specifying Industrol. A qualified engineer is available to 
consult with you on your dryer problems. 
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NEW YORK SECTION TO 
HOLD 9TH REGIONAL 
CONFERENCE 


The New York Section of ISA will 
hold its 9th Annual Regional Con- 
ference on February 4, 1954 at the 
Hotel Statler in New York City. 

Dr. S. A. Goudsmit, Senior Scientist 
and Chairman of the Physics Depart- 
ment at the Brookhaven National Lab- 
oratory will be the Banquet Speaker. 
“Progress in Measurement,” is the 
theme of the Winter Conference. 


ATLANTA SECTION TOURS 


Recently the Atlanta Section of ISA 
played host to the Georgia Institute 
of Technology Instrumentation Class 
on a conducted tour of the Celanese 
Corporation of America Rome, Georgia 
Plant. 





BALTIMORE SECTION 
OFFERS LECTURE COURSE 


The Baltimore Section offers the 
following lecture course series on 
Automatic Process Control Funda- 
mentals. 

Feb. 12, 1954—Control Responses; 
Proportional Action; Fleating 
Action; Rate Action 

March 12, 1954—Control Valves and 
Servo Control Mechanisms 

April 9, 1954—Typical Control Prob- 
lems and Actual Control De- 
monstration 

Diplomas will be issued to all stu- 
dents who successfully complete this 
lecture course. 


CELANESE PLANT 
Carl L. Fox, Jr., President of the 
Atlanta Section and Instrument En- 


gineer at Celanese, explains the opera- 
tion of a controller to the group. At 
his right is Professor F. O. Notting- 
ham of Georgia Tech. 


| Desioners, Engineers, and Manufacturers 
of Aluminum and Steel Assemblies 


















FALSTROM standard panel 
design is the result of years of 
experience in producing equip- 
ment for leading instrument 
makers and electronics manu- 
facturers. FALSTROM standard- 
ization includes a series of 
instrument mounting structures 
that solve a wide variety of mount- 
ing problems. Sizes, dimensions, 
construction methods and styles are 
designed to save you time and 
money. Recommendations will be 
submitted promptly on receipt 

of drawings or specifications. 


SERVING INDUSTRY SINCE 1870 


FALSTROM 


COMPANY 


FALSTROM COURT, PASSAIC, NEW JERSEY 
Telephone: PRescott 7-0013 
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INSTRUMENT PATENTS 
AND NOTES 


By Morris G. Moses 


Listed below are patents granted re. 





cently in the field of instrumentation ~ 


which we feel are 

readers: 

No. 2,607,897—IONIC OSCILLATOR 
A new form of gas tube oscillator 

which contains no capacitive, indue. 


of interest to ou 


eS 


tive, or resistive time constants and | 


needs no external or internal resonant 
cavities or circuits. 
No. 2,620,256—ANALYZER 

A combined analyzer and recorder 
for two variables which employs a mov. 
ing table and stylus. The table andj 
stylus are controlled by phase sensi. 
tive motor operation. 
No. 2,624,783—APPARATUS AND 
METHOD FOR MEASURING 
MAGNETIC FLUX 

The strength of an unknown magne 
tic field is balanced 
strength of a known magnetic field ip 


against the | 


terms of voltages and currents corre | 


sponding to the respective fields. 
No. 2,628,638—FLOW VALVE 
CONTROL 

An ingeniously made 
trolled valve useful in handling highly 
corrosive gases at low flow rates. 
No. 2,651,317—PRESSURE 
MODULATING RELAY 

A typical design for a contemporary 
pressure relay. 


No. 2,651,467—THERMOSTATIC 
MIXING VALVE 
No. 2,658,178—VIBRATING 
CONDENSER CONVERTER 

An assembly consisting of one fixed 
plate and one movable plate, the mo 
tion of one plate governed by the ap 
plication of minute d-c signals and 
the resultant change in space betwee 
the plates producing a variable a- 
signal. 


No. 2,658,38i—FLOW MEASURING 
DEVICE FOR GAS 


A basic patent for some of the more 
recent magnetic gas analyzers. 


No. 2,658,392—PRESSU RE 
INDICATING PNEUMATIC 
TRANSMISSION SYSTEM 

A modern design for a force balance 
differential pressure transmitter. This 
unit will be very familiar to readers. 


No. 2,658,469—A DJ USTABLE 
INDEX ARM FOR MEASURING 
INSTRUMENTS 

An interesting description of a sim 
ple and basic unit in the constructio 
of a graphic panel instrument. 


No. 2,659,381—PRESSURE 
AMPLIFYING DEVICE 

A design for a pneumatic 
diaphragm type relay. 
No. 2,659,531—TOTALIZING 
APPARATUS 

A system and device for the integ- 
ration of several pneumatic signals. 
No. 2,660,059—LIQUID LEVEL 
MEASURING APPARATUS 


_ A liquid-level and interface indicat 
ing unit employing magnetic coupling. 
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ANALYZER 


Highly sensitive to changes 


in oxygen content. 


Rapid response to changes 
in oxygen content. 


No liquid or gaseous fuel 
required to be added 
to gos sample. 


No chemicals required. 
High accuracy maintained. 


Not affected by wide 
variation in rate of flow 
of gas sample. 


Rugged construction. No 
delicate or moving parts. 


Easily installed — no 
special fittings required. 
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RECORDER 


Self-balancing bridge circuit assures 
accurate, permanent calibration. 


Electronic amplifier has no moving 
parts. High sensitivity. Rugged. 


Immediate response—onalyzer is 
continuously connected to 
recording pen drive motor. 


As many as four analyses can be 
recorded on the same chart. 


Range can be changed easily 
in the field. 


Isolating transformer for each 
amplifier removes line interference 
from bridge circuit. 


Extra slide wire available for control, 


remote indication—for recorder or 
contacts for alarm circuit. 
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<>. \ paramagnefic method of measurement 
extremely accurate in analyzing industrial gases 


Oxygen is unique among other common gases in that 
it is highly paramagnetic (attracted into a magnetic 
field). This property of oxygen is the basis of the 
operation of the Hays Magno-Therm Analyzer in the 
analysis of industrial gases. 

application 

Hundreds of companies are using the Hays Magno- 
Therm O» Analyzer and Recorder in applications from 
revivification of SOg removers in manufactured gas 
industry and regeneration of catalysts in oil refineries 
to mixing air with propane to get substitute fuel. 
Boiler plants use it as a combustion guide because it 
is the only means of getting an undistorted picture of 
excess air. 


Write today for bulletin 52-829-56 and get com- 
plete details. 


Automatic Combustion Contro 
Boiler Panels * CO» Recorders 
Veriflow Meters and Veritrol 


Gas Ancolyzers * Draft Gages 
Combustion Test Sets 
Electronic Oxygen Recorders 
Electronic Flowmeters 
Electronic Feed Water Controls 


CORPORATION 


Miniature Remote Indicators 


INDIANA 
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“Pressure Response in Supersonic 
Wind-Tunnel Pressure Instrumen- 
tation’” Arnold L. Ducoffe; Jour- 
nal of Applied Physics Vol. 24-No. 


11, pp 1343-1354. Mathematical 
treatment of response time of mea- 
suring systems consisting of an 
orifice, a capillary tube, a length 
of connecting tubing, and a pres- 
sure-sensitive element connected 
in series. 


“Rotating Components for Auto- 
matic Control” Sidney Davis; 
Product Engineering Vol. 24-No. 
11, pp 129-160, Nov. 1953.  Illus- 
trated discussion on linear resis- 
tance potentiometers, non-linear 
function generators, synchros, ser- 
vomotors, speed measuring de- 
vices, and typical application cir- 
cuits. 


“Magnetic-Converter D-C Ampli- 
fier” William A. Rote; Electronics 
Vol. 26-No. 12, pp 170-173, Dec. 
1953. Second-harmonic magnetic 
converter with a-c amplifier used 
to amplify d-c signals as low as 
2 x 10-15 watt. Long-time drift 
less than 5 microvolts. 


Transistors: Theory and Applica- 
tion, Part X “Switching Circuits 
Using the Transistor” Abraham 
Coblenz and Harry L. Owens; 
Electronics Vol. 26-No. 12, pp 186- 
191, Dec. 1953. This installment 
describes negative resistance char- 
acteristics of point-contact tran- 
sistors in switching applications 
such as counters, computers, re- 
laxation oscillators, and data 
transmission systems. 


“Measurement and Control of the 
Thickness of Thin Films” K. M. 
Greenland; Vacuum (London) 
Vol. II-No. 3, pp 216-230, July 
1952. Discusses measurement of 
film thickness from a few Ang- 
strom units to a few microns by 
gravimetric, photometric, polari- 
metric, or interferometric meth- 
ods. Fifty-six references. 


“Use of a Scintiliation Spectro- 
meter in Radiochemical Analysis” 
B. Kahn and W. S. Lyon; Nucleo- 
nics Vol. II-No. 11, pp 61-63, Nov. 
1953. Discusses use of calibrated 
Nal (TI crystal gamma-ray spec- 
trometer for rapid identification 
of gamma-emitting radioisotopes 
and determination of the amount 
of activity present in the sample. 


“Three Methods of Measuring 
Magnetic Fields’ B. F. Jurgens, 
A. C. vanDorsten & A.J.J. Fran- 
ken, and H. G. Beljers; Philips 
Technical Review (Eindhoven) 
Vol. 15-No. 2, pp 49-62, Aug. 1953. 
Discusses measurements (a) based 


10. 


11. 





on the generator principle, (b) 
measurement of the field on the 
axis of magnetic electron lenses, 
(c) measurement by the proton 
resonance method. 


“Dynamic Measurements on Elec- 
tromagnetic Devices” M. A. 
Logan; Bell System Technical 
Journal Vol. 32-No. 6, pp 1413- 
1467, Nov. 1953. Shows how a 
sampling switch with adjustable 
make and break times can be 
used to obtain dynamic measure- 
ments of reciprocating phenom- 
ena. Discusses the use of a test 
set using this principle to mea- 
sure the flux-time, current-time, 
displacement-time, and _ velocity- 
time responses of electro-magnets 
and similar devices. 


“Constant Stress Systems” A. J. 
Kennedy; Instrument Practice 
(London) Vol. 7-No. 11, pp 879- 
886, Sept. 1953. Discusses the de- 
sign of systems for creep testing 
of materials, in which the physical 
behavior of a material can only be 
derived by examining its behavior 
under a constant applied stress. 


“A General Purpose Polarigraph” 
J. H. Glover; Instrument Practice 
(London) Vol. 7-No. 12, pp 963- 
968, Oct. 1953. Describes construc- 
tion and gives circuitry of a Bri- 
tish polarigraph designed for rou- 
tine or investigational use. 


“A Sequence Component Volt- 
meter” John E. Parton; Instru- 
ment Practice (London Vol. 7-No. 
12, pp 972-978, Oct. 1953. Con- 
cluding article on a sequence com- 
ponent voltmeter for multiphase 
electrical systems primarily de- 
signed for laboratory experiments 
on unsymmetry. Bibliography 10 
references. 


“The Foil Strain Gage” P. Jack- 


son; Instrument Practice (Lon- 
don) Vol. 7-No. 10, pp 775-78», 
Aug. 1953. Describes in some de- 


tail the construction and perfor- 
mance of a foil strain gage devel- 
oped by Saunders-Roe and com- 
pares its performance with that of 
conventional strain gages. 


“A Mass Spectrometer for High 
Precision Isotope Ratio Determi- 
nations” R. K. Wanles and H. G. 
Thode; Journal of Scientific In- 
struments (London) Vol. 30-No. 
11, pp 395-398, Nov. 1953. Dis- 
cusses the modification of a con- 
ventional 90° mass spectrometer 
to permit the simultaneous col- 
lection and measurement, by 
means of a null method, of the ion 
currents due to the isotope species 
of SO, at masses 64 and 66. 


14. 


15. 


16. 


18. 


19. 


“The Use of Thermocouples f i 
Measuring Temperatures Bel 
70°K” T. M. Dauphinee, D. K, @ 
MacDonald and W. B. Peargg at 
Journal of Scientific Instruments 
(London) Vol. 30—No. 11, pp 399. 
400, Nov. 1953. Discusses the 
limitations of copper constant | 
thermocouples at low tempera 
tures and reports on the advan. | 
tages of thermocouples composed 
of pure copper vs. dilute copper 
alloys (approx. .005% tin) fo 
temperatures in the range of 2-39° ‘ 
K. 


“An Electromagnetic Viscosime 
ter for Molten Silicates at Tem. 
peratures up to 1800 C” J. OW 
Brockris and D. C. Lowe; Journal 
of Scientific Instruments (Lop 
don) Vol. 30—No. 11, pp 403-405, 
Nov. 1953. Describes construction 
and calibration of viscosimete 
for range of 0.05 to 14000 poises, 


“The Performance of Thermistor 

Hygrometers under Tropical Con 
ditions” G. W. Smith; Journal of 
Scientific Instruments (London) 
Vol. 30—No. 11, pp 413-418, Noy, 
1953. Discusses performance ofa 
specific design of wet and dry 
bulb thermistor hygrometer unde 
tropical conditions as compared 
with standard aspirating psychro 
meters. 


“Direct Indicating Recording I 
struments” S. R. Gilford; Zlectré 
cal Manufacturing Vol. 52—No. 5, 
pp 114-121, Nov. 1953. In two 
parts; Part I deals with records 
on the basis of applications and 
functional requirements. Part Il 
appearing in Dec. 1953 issue (pp 
120-128), analyzes design elements 
and operating principles of re 
cording systems. 


“A New Space Rate Sensing It 
strument” Joseph Lyman; Aero 
nautical Engineering Review Vol. 
12—No. 11, pp 24-30, Nov. 1953. 
Discusses considerations of an it 
strument for securing a_ spacial 
reference signal through the use 
of forces generated by oscillating 


mass motions. Pages 31-36 of 
same reference cover’ general 


theory and operational character 
istics of an angular rate tachom 
eter using this principle. 


“Evidences of an Anherent Error 
in Measurement of Total-Heaé 
Pressure at Supersonic Speeds” 
James M. Murphy; Aeronautical 
Engineering Review Vol. 12—Ne 
11, pp 47-51, Nov. 1953. Calibra 
tion data obtained in an inter 
mittent supersonic wind tunnel 
covering Mach range 1.4 < M 











< 3.8 are analyzed to show that 
measurement of total head pre& 
sure with a blunt-nosed, circulat 
tube contains a small inherent) 
error. 
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Employment Service 





Employers are invited to submit list- 
ings for this free service. Write to 
Instrument Society of America, 1319 
Allegheny Ave., Pittsburgh 33, Pa. 


INSTRUMENT MECHANICS—Experienced in 
repairs and maintenance of electronic and 
pneumatic control instruments. Large oil re- 
finery in St. Louis area. Liberal benefit plans. 
Good working conditions. Box 909 


CHIEF INSTRUMENTATION ENGINEER— 
Minimam M. S. degree (or higher) in Engin- 
eering or Physics plus six years progressive 
experience in instrumentation. Must be famil- 
iar with oscillographs. Salary and age open. 
Location: Michigan. Box 910. 


SENIOR INSTRUMENTATION ENGINEERS 
—M. S. or PhD in Engineering or Physics. 
Three to ten years’ instrumentation experience. 
Salary $7000 to $10,000. Age open. Location: 
Michigan. Box 911. 


INSTRUMENT ENGINEERS—B. S. or higher 
in Engineering, Physics, or Chemistry. One 
er more years’ instrumentation experience. 
Salary $5,000 to $8,000. Age open. Location: 
Michigan. Box 912. 


TEST ENGINEERS—AIll levels. B.S. or high- 
er degree in Engineering and Physics. One to 
fifteen years’ experience in testing. Particu- 
larly interested in transients and dynamic test 
experience. Salary $5000 to $10,000. Location: 
Michigan. Box 913. 


TECHNICIANS—tTrade or partial college edu- 
cation desired. Particularly interested in men 
with two or more years’ experience in one or 
more of the following fields: oscillographs, 
transducers, telemetering, potentiometer re- 
corders, strain gages, or process control. 
Salary $4000 to $6000 per year. Location: 
Michigan. Box 914. 


INSTRUMENT ENGINEERS — One to three 

years’ experience in chemical industries or 

refining industries — a starting salary of 

approximately $450 to $500 per month. Ex- 

— working conditions. Location: Florida. 
x 915. 


INSTRUMENT MECHANIC on simulated test 
equipment. We would prefer an experienced 
man dealing primarily with pneumatic type 
control instruments plus standard temperature 
and pressure indicating instruments. He should 
also be experienced in dealing with electronic 
instruments of the Minneapolis-Honeywell con- 
— balance type. Location: Indiana. Box 


ENGINEER who has a Bachelor’s degree in 
Electrical Engineering with some training in 
Electronics or Instrumentation. Approximately 
3 years of experience in Industrial Instrumen- 
tation including design of test equipment and 
equipment for automatic quality control will 
be helpful. Duties will be: design and con- 
struct special instruments, departmental con- 
sultant on instrumentation, responsible for 
recommending controlling instruments to re- 
place manual controls. We would prefer a 
Person under 35 years of age. Location: New 
Jersey. Box 917. 


TACTICAL PHOTOGRAPHY—Degree in elec- 
tronics plus about seven years experience in 
experimentation and instrumentation for physi- 
cal research. Must have a knowledge of prob- 
lems (and solutions) associated with the tacti- 
a photography. Location: New York. 


RADAR AND PHYSICAL INSTRUMENTA- 
TION—Staff positions are open for men with 
vanced degrees in electronic engineering, or 
physics with experience in electronics, which 
will qualify them for research where electronic 
tumentation and apparatus play a vital 
role. Fields of physics involved are radar, 
automatic control, atmospheric physics, and 
computers. Location: New Yerk. Box 919. 


DYNAMIC CONTROL SYSTEMS — Would be 
responsible for technical direction of large and 
complex developmental projects. Emphasis will 


on control systems, but also will work in 


January 1954 


one or more of the following areas: communi- 
cations, production design practice, radar, 
computers (analog and/or digital), electrical 
measurements, and instrumentation. Minimum 
of ten years experience. Location: New York. 
Box 920. 


FLUTTER INSTRUMENTATION AND AN- 
ALYSIS—To learn flutter work with the initial 
responsibility of electronic instrumentation and 
analysis of flutter projects. Must have ex- 
perience in instrumentation and considerable 
math background. Analytical experience (ex- 
servo-analysis) will be helpful. Location: New 
York. Box 


OPTICAL RADAR—E. E. or Physics degree 
with a strong mathematical background. One 
or two years work with electronic gear re- 
quired, with experience in the more advanced 
techniques of filtering, pulse integration, and 
are discharge. Location: New York. Box 922. 


MISSILE GUIDANCE—The Laboratory’s ex- 
tensive program in this field allows for the 
addition of staff members at all levels. Work 
includes all phases, such as study, design, ana- 
lysis, simulation, test, and operation of com- 
ponents and complete systems. Location: New 
York. Box 923. 


INSTRUMENTATION SCIENTISTS—A pro- 
gram of basic instrumentation research has 
been under way at the National Bureau of 
Standards since 1950 and is cooperatively spon- 
sored by the Office of Naval Research, the 
Office of Scientific Research of the Air Force, 
and the Atomic Energy Commission. The pro- 
gram involves theoretical and experimental re- 
search development, design, evaluation, and 
technical reference work in the broad field of 
measurement and control instrumentation. 
One position is open for a qualified scientist 
or engineer in the capacity of Assistant to the 
Chief of the Office of Basic Instrumentation. 
Salary $7040 to $8360. A position is also open 
for qualified graduate scientist or engineer to 
assist in a variety of basic instrumentation 
problems and in a _ technical documentation 
project. Salary $3410 to $4205. Further in- 
formation concerning these positiins can be 
obtained from W. A. Wildhack, Chief, Office 
of Basic Instrumentation, National Bureau of 
Standard, Washington 25, D. C. 
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RICHARDS 
PYROMETER 
SUPPLIES 


Control Temperatures 


More Closely 
Reduce Cost — Save Time 


Catalog No. 5 shows you how! 
Get your free copy today! 


eThermocouples Protection Tubes 
eThermocouple Wire eLead Wire 
elnsulators ©Pyrometers 


Low prices for top quality 
Prompt shipment from stock 


ARKLAY S. RICHARDS CO., Inc. 


10 Winchester St. 
Newton Highlands 61, Mass. 











KANSAS CITY OFFICERS 
INSTALLED JANUARY 1 


Installation services were held Jan- 
uary lst for the newly elected officers 
of the Kansas City Section. The men 
taking office for the coming year were: 
President, Jack C. Brous; Vice Presi- 
dent, Donald D. Baker; Secretary- 
Treasurer, E. J. Bumsted; National 
Delegate, F. L. Spies; Board of Di- 
rectors, O. L. Boutros, C. E. Alberts, 
John L. Freeman, and Henry H. 
Schmall, Honorary Past President. 
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Electric or 
Electronic 
LINAMETER 


For corrosive fluids, viscous liquids, 
pulps, and slurries, for pulsating 
flows, inadequate straight run of 
pipe, small flows and wide range 
of flows. 




















WRITE FOR NEW CATALOG 650 


Contains capacity tables, installation 
diagrams, other useful flow data. 











More than 40 Years’ Experience 
+ ++ more than 10,000 Installations 


PENN INDUSTRIAL 
INSTRUMENT CORP. 


PENN Bidg., 4110 HAVERFORD AVE. 
PHILADELPHIA 4, PENNA. 












Pittsburgh Section Announces 
: Speakers 

nstvument - 

The January 25, 1954 prograr 

the Pittsburgh Section lists BJ 

Borgel, Assistant Superintendent) 

Production, Pennsylvania Electrie 

Johnstown, Pa., as guest speaker: 


JANUARY, 1954 


Texas A & M College, Symposium on 
Instrumentation for the Processing 
Industries, College Station, Texas, 
Jan, 27-29. 


American Institute of Electrical Engi- 
neers, Scintillation Counters Confer- 
ence, Washington, D. C. For infor- 
mation write R. S. Gardner, A.I.E.E., 
29 West 39th St., New York, N. Y., 
Jan. 26-27. 


FEBRUARY, 1954 


Institute of Radio Engineers, Sixth 
Southwestern Conference and Elec- 
tronics Show, Tulsa, Okla., Headquar- 
ters in Tulsa Hotel. For information 
contact Dallas R. Davis, P. O. Box 
4183, Tulsa, Okla., Feb. 4-6. 


MARCH, 1954 


American Society for Testing Mater- 
ials, Spring Meeting, Hotel Shoreham, 
Washington, D. C., March 1-5. 


Fifth Pittsburgh Conference on Ana- 
lytical Chemistry and Applied Spec- 
troscopy, William Penn Hotel, Pitts- 
burgh, Pa. For information contact 
R. G. Russell, Gulf Research & De- 
velopment Co., P. O. Drawer 2038, 
Pittsburgh 30, Pa. March 1-5. 


National Ass’n. of Corrosion Engi- 
neers, 10th Annual Conference and Ex- 
hibit, Kansas City Municipal Auditor- 
ium, Kansas City, Mo., March 15-19. 
Institute of Radio Engineers, Confer- 
ence and Exhibit, Kingsbridge 
Arniory, New York, N. Y. For in- 
formation contact W. Copp, 1475 
Broadway, New York, 36, N. Y. 
March 22-25. 


Instrument Society of America, 
Fourth Annual Conference on In- 
strumentation for the Iron and Steel 
Industry, sponsored by the Pittsburgh 
Section, Gateway Center, Pittsburgh, 
Pa. For information contact F. S. 
Swaney, Jones & Laughlin Steel Cor- 
poration, 2709 Carson Street, Pitts- 
burgh 3, Pa. March 23-26, 1954. 


APRIL, 1954 


American Society of Lubrication cn- 
gineers, 9th Annual Meeting and Ex- 
hibit, Netherland Plaza Hotel, Cin- 
cinnati, Ohio, April 5-7. 


National Petroleum Ass’n., 51st Semi- 
Annual Meeting. Cleveland Hotel, 
Cleveland, Ohio, April 14-16. 


Natural Gasoline Ass’n. of America, 
33rd Annual Convention, Baker Hotel, 
Dallas, Texas, April 21-23. 


American Institute of Electrical En- 
gineers Conference on Feedback Con- 
trol, Claridge Hotel, Atlantic City, N. 
J. For information write R. S. Gard- 
ner, A.I.E.E., 29 West 39th St., New 
York, N. Y., April 22-23. 


American Society for Testing Mater- 
ials, Second Annual Meeting on Mass 
Spectrometry, Jung Hotel, New 
Orleans. Louisiana. For information 
write J. G. Hutton, General Electric 
Co., Schnectady, New York, April 28- 
30. 


MAY, 1954 


American Petroleum Institute, Divis- 
ion of Refining, 19th Mid-Year Meet- 
ing, Rice Hotel, Houston, Texas, May 
10-13. 
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